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 Abstract 
 
Listeria monocytogenes is a pathogenic microorganism that causes Listeriosis. Listeriosis 
is a highly mortal disease with approximately 20% mortality rate. Listeria is psychrophilic, 
therefore it is able to survive in the refrigerator. This affects foods at cool storage such as fresh 
produce and RTE meats. To ensure the safety of RTE meat, post processing treatments are used 
such as vacuum packing, edible films, dip and treatment. One-way RTE can be treated is with 
the use of antimicrobials. However, in the past chemical substances were used. Currently, 
consumers want more natural and organic preservatives to combat health problems from toxic 
components of former synthetic chemicals. Therefore, it is imperative that novel alternative 
antimicrobials be tested for its use in RTE meat.  
The need for  alternative antimicrobials has increase as more biological source 
antibiotic and preservatives are becoming popular. A potential novel antimicrobial as such, 
Bisulfate of soda (SBS) may be utilized due to its bacteriostatic effect in RTE meat. SBS, has 
a mechanism of action to reduce the pH of a substance it is added to, causing Listeria cells to 
lose homeostasis and die. This thesis investigative the potential use of an inorganic acid SBS, 
for controlling L. monocytogenes in RTE meat.  
The thesis is initiated with a literature review, detailing Listeria’s genus, Listeriosis, RTE 
meat and its microbiota and current natural antimicrobials used in the food industry (Chapter 1). 
The first research chapter evaluates potential antimicrobial activity of bisulfate of soda and Nisin 
on frankfurters, for controlling L. monocytogenes (Chapter 2). The second research chapter 
evaluates the antilisterial effect of bisulfate of soda and sodium lactate as well as, evaluate the 
shelf life of frankfurters for 21 days (Chapter 3).  The results of this thesis will provide 
knowledge that will potentially result in novel RTE meat treatments in the future. 
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I. Introduction  
The perseverance of foodborne Listeria in the food industry has remained an issue, 
causing high incidences of foodborne illnesses each year. L. monocytogenes is a ubiquitous 
microorganism, able to grow in both aerobic and anaerobic environments, enabling it to 
persevere in multiple conditions (Saha et al. 2015).  In addition, L. monocytogenes acts as a 
saprophytic organism with the capability to adapt to different environmental stresses. This 
pathogenic bacterium is psychrophilic, able to withstand salt concentrations up to 10% and is 
non-extremophilic with a pH range from 4.5 to 9.2 (Ryser et al., 1997; Wang et al. 2017). 
Consequently, the nature of L. monocytogenes poses a threat to illness. L. monocytogenes causes 
the disease listeriosis, which has the third highest mortality percentage among foodborne 
diseases. Ready to eat (RTE) meats products are commonly associated with listeriosis outbreaks. 
RTE meat are becoming popular with consumers, partly because they save time and are 
convenient (Kowsalya and Sathyapriya, 2016). One problem with RTE food products is that they 
are of great concern for the contamination of Listeria.  RTE meat products are cooked prior to 
packaging, therefore, no kill step is usually applied before consumption. This causes risk of RTE 
meat to serve as a vehicle for the transmission of Listeria. One way to control L. monocytogenes 
contamination of RTE meat is the use of antimicrobials.  
The use of antimicrobials in the food industry is twofold, first it increases shelf life and 
second it reduces the potential transmission of foodborne diseases. However, the use of chemical 
food additives is an emerging issue within the United States that has been attributed to health 
problems within the population. In meat products, preservatives used such as sodium may be 
unacceptable at high concentrations because they have been linked to health complications (Lee 
and Paik, 2010).  As a result, previously used antimicrobials are unacceptable, causing concern 
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with food safety. Consequently, the application of novel antimicrobials is needed to provided 
effective natural additives to reduce the risk of L. monocytogenes contamination.  
This thesis consists of three research parts: 
Chapter 1 consist of a literature review that covers Listeria monocytogenes, L. monocytogenes 
in RTE meat and natural antimicrobial that can be applied to the RTE meat 
Chapter 2 is a research manuscript for the application of potential inorganic antimicrobials for 
controlling L. monocytogenes in frankfurters. 
Chapter 3 is an unpublished research manuscript focused on the application of potential 
antimicrobials for controlling L. monocytogenes in uncured frankfurters.  
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II. Chapter 1. Alternative antimicrobials for controlling Listeria monocytogenes in ready to 
eat meats: Literature Review 
Aaron Bodie1, Kristina Feye1, Peter Rubinelli1 and Steven Ricke1* 
 
1Department of Food Science, Center for Food Safety, University of Arkansas, Fayetteville, AR, 
USA 
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Abstract 
  Listeria monocytogenes is considered to be one of the leading agents of foodborne 
illnesses, which is known as listeriosis (Lundén et al., 2003). L. monocytegenes is an intra-
cellular, Gram-positive, pathogenic bacteria. The morbidity of human listeriosis is low, but it has 
a high mortality rate of around 20 to 30% (Zhu et al., 2017). Listeria monocytogenes 
psychotropic capabilities makes L. monocytogenes a significant threat to ready-to-eat (RTE) 
meat product food safety. Listeria contamination is associated with food processing 
environments or post-purchase cross-contamination events. The potential use of antimicrobials in 
packaging have the ability to reduce foodborne disease risk and food spoilage. Novel 
antimicrobials can be an excellent addition by improving the shelf life of RTE meat. In this 
review, we will evaluate the Listeria genus, as well as view potential organic acids for 
controlling Listeria in RTE meat.  
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1. Introduction 
The protection of food is necessary because food products are vulnerable to natural and 
artificial denaturation and contamination. This causes food products to become rancid and a 
possible vehicle for foodborne diseases. According to the Centers for Disease and Control 
Prevention (CDC), an estimated 47.8 million cases of foodborne illness occur each year, with 
128,000 hospitalizations and 3,000 deaths in the United States alone (CDC, 2018). 
Microorganisms such as Salmonella, Listeria, E. coli, and Campylobacter are the primary 
etiological agents of gastrointestinal bacterial foodborne illnesses in the United States (Heredia 
and Garcia, 2018). This is possible because cross contamination of foodborne pathogens can 
occur at any stage during the food production process. Accordingly, it is imperative that effective 
intervention strategies continue to evolve to reduce foodborne illness in humans.   
The nature of food products can possibly be a growth medium for pathogenic 
microorganisms. The intense flavors, odors, as well as the various textures and colors, make it 
challenging to detect food that is adulterated (Cueva et al., 2010). Additionally, the matrix of 
food products promotes foodborne pathogen growth and transmission. Foodborne pathogens can 
arise from the gastrointestinal tract of food animals, causing cross contamination in meat 
products. (Heredia and Garcia, 2018). Though initially found in the gastrointestinal tract, 
contamination through processing can also occur. In cattle, the hide and lymph nodes are a 
significant contributor to pathogenic microorganisms, increasing the opportunity for cross 
contamination (Arthur et al., 2008). In poultry, the feathers and crop are important byproducts in 
processing because Listeria from the animal can be found here (Dumas et al., 2011). Another 
way pathogenic microorganisms can arise in food is by exposure via directly preparing meals, 
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handling the products, and poor sanitation practices that result in cross-contamination 
(Pommerville, 2013). As a result, contamination of meat products can end in significant 
morbidity and mortality world-wide (Scott, 2003).  
In the United States, ready-to-eat (RTE) food products such as deli meat, raw milk 
products, sausages or smoked fish are becoming popular with consumers, partly because they 
save time and are convenient (Kowsalya and Sathyapriya, 2016). One problem with RTE food 
products is that they are of great concern for the contamination of Listeria. RTE meats are 
typically stored at low temperatures, to which Listeria can grow in temperatures as low as 0 °C. 
Since, RTE meat products are generally not cooked before consumption, they serve as a vehicle 
for the transmission of Listeria (Azizoglu et al., 2009; FSIS, 2012; Rodrigues et al., 2016). This 
pathogenic microorganism causes the disease listeriosis which has a high hospitalization and 
mortality rate accounting for about 1,600 cases with 260 deaths each year (CDC, 2016). In RTE, 
a potential way to prevent and reduce Listeria contamination is with the use of antimicrobials.  
The use of antimicrobials in the food industry is twofold, first it increases shelf life and 
second it reduces the potential transmission of foodborne diseases. In meat products, 
preservatives used such as sodium may be unacceptable at high concentrations because of health 
concerns (Lee and Paik, 2010). Antimicrobials are more effective at low concentrations than 
other preservatives (Ramu et al., 2015). At low levels, the flavor profile of the food product has 
minimal change thus its use can be an attractive alternative. For example, it is also difficult to 
increase sodium in products without altering desirable physical properties when used in food 
(Institute of Medicine, 2010). Studies have also shown pressure processing to be considered an 
alternative to chemical preservatives as it does not alter the quality of RTE meats. However, 
pressure treatment of RTE meat does not generally achieve a 5 log reduction of cell counts of L. 
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monocytogenes, the most significant food safety concern associated with RTE meats (Texeira et 
al., 2018). The use of antimicrobials in meat products do not alter the nutritional properties of the 
product while keeping a similar flavor profile (Ramu et al., 2015). The potential transmission of 
Listeria in RTE through storage can be inhibited through bacteriostatic conditions of the 
antimicrobial, maintaining shelf life and reducing contamination through storage (Lucera et al., 
2012). However, the use of antimicrobials preventing the risk of foodborne disease is 
independent and has its own challenges.  
Currently, bio preservatives are proving hard to displace. Moreover, Listeria resistance to 
antibiotics and preservative treatments continue to emerge and to proliferate at new sites. 
Listeria spp. may be resistant to several antibiotics used in the treatment of human listeriosis 
such as clindamycin, daptomycin, oxacillin, tetracycline, and nalidixic acid (Chen et al., 2010). 
According to Da Rocha et al. 2012, some Listeria monocytogenes strains have also shown 
resistance from tetracycline, and nalidixic acid isolated from RTE meat products (Da Rocha et 
al., 2012). As a result, there remains a strong need for novel antimicrobials, particularly those 
directed Listeria in RTE meat (Cheng et al., 2016).  
Before a new antimicrobial can be used, consideration must be given to the sensitivity of 
a pathogen, federal policy limitations, the processing environment, and understanding of the 
target food system (IFT, 2006). Consumers have health concerns about synthetic chemicals in 
their foods. This phenomenon makes the use of naturally safe preservatives more attractive. 
Consumer preference also play a significant role in the acceptability of food products (Giudice 
and Pascucci, 2010). An example of this is irradiation in turkey meat. The effect of irradiation on 
turkey meat has a qualitative effect on lipid/protein oxidation, color changes, and off-odor 
volatiles production in meat products (Feng et al., 2016). It has also been documented that 
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consumers do not want irradiated fruits and meat products, because it has a lingering smell 
(Brewer, 2009). Therefore, as technology and education improve, the focus on novel 
antimicrobials will also increase. 
The food industry’s focus on less synthetic chemical use and the escalation in L. 
monocytogenes antimicrobial resistance have forced scientist to discover new ways to combat 
contamination and preserve RTE meat. Potential novel antimicrobials from sources such as soil, 
plants, and microorganisms have been tested for their potential applications in food systems 
(Davies and Davies, 2010). In this review, we will discuss L. monocytogenes and its prevalence 
in RTE meat. We will also discuss potential natural antimicrobials for the use in RTE meat that 
can combat antimicrobial resistance. 
2. Listeria 
First known as Bacterium monocytogenes, Listeria was initially isolated by L. Murry et 
al., and published in 1926 (Murry, 1926; Hof, 2003; Jones and D’Orazio, 2013). The name was 
officially changed to Listeria monocytogenes in 1940, which was a combination of the observed 
species at the time (Harvey et al., 1941). In the past, the Listeria genus contained seven species ; 
however, since 2009 scientists have identified 11 more species, bringing the total count to 18 
species. Of the 18 species, only L. monocytogenes and L. innovi are human pathogens (Orsi and 
Wiedmann, 2016). Meanwhile, L. monocytogenes is highly pathogenic and zoonotic, therefore it 
is the species of concern for food safety (Zhu et al., 2017).  
Listeria is a Gram-positive, facultative anerobic, non-spore forming bacteria with short 
rods about 0.5 µm by 2.0 µm with rounded ends (Rorvik et al., 2003; Ryser and Marth, 2007). 
The cells are curved "V" shape, in single or short chains (Ramaswamy et al., 2007; Yehia et al., 
2016). The bacterium is commonly isolated in silage, soil, sewage and water (Pauly et al., 2003). 
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Listeria spp. have been identified to survive and grown in aqueous environments such as canals, 
ditches, rivers, and lakes. Listeria have the capability to adapt to an ever-changing environment. 
They possess multiple stress response mechanisms such as overcoming varying temperatures (0 
to 45), salt concentrations (up to 10% NaCl) and pH (4.5 to 9.2). (Ryser et al., 1997; Wang et al. 
2017). The organism is psychrophilic but grows best at 37°C with optimum water activity of ≥ 
0.97 (Lou and Yousef, 1999). Listeria thrive in pH range of 6 to 8 but, in laboratory media, the 
organism can grow at pH values as low as 4.4 (Lou and Yousef, 1999).  
Healthy humans and animals represent a small percent of Listeria reservoirs. 
Approximately, 2 to 6 % of the human and animal populations are healthy carriers of the 
microorganism (Camejo et al., 2011). This is problematic because the bacterium can be carried 
in humans without the host appearing ill and potentially contaminate food products. Animals and 
humans also shed Listerial cells through their feces (Drevets et al., 2008). These Listeria 
populations can be spread onto crops that are treated with contaminated soil and water, as it is 
often document (Vivant et al., 2013). The presence of Listeria spp. in soil is primarily due to 
contamination from fecal material and plant decay, as Listeria thrives in a cool, moist 
environment while the decaying plants add nutrients utilized by the bacterium. By and large, 
Listeria is an adaptable pathogen with the capability of survival even after freezing, surface 
dehydration, and spray chilling (Finn et al., 2013). 
Listeria consumption causes the foodborne disease listeriosis. Listeriosis is characterized 
by a high mortality rate of over 20% in infected individuals (Farber, and Peterkin 1991; 
Hernandez-Milian and Payeras-Cifre, 2014). Approximately 5% of the human population harbor 
L. monocytogenes in their digestive tract (Becattini et al., 2017). This may go undetected because 
the bacteria are shed through stool. Listeriosis accounts for less than 2% of foodborne illness in 
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the United States, but it has been responsible for 40% of the deaths caused by a food borne 
illness and has the highest hospitalization rate (92% of infected individuals) (Scallan et al., 
2011). This disease causes about 1600 cases of illness and about 260 deaths each year (CDC, 
2016). There is a zero-tolerance policy implemented for Listeria contamination, which cause 
approximately $2.8 billion in monetary loss in the United States annually (USDA; 2014). This 
potentially fatal infection affects the gastrointestinal tract, causing nausea, diarrhea, vomiting, 
and headaches (McLauchlin, 2004). Persons most susceptible to listeriosis are the elderly, 
pregnant women and the immunocompromised because their immune systems are more 
vulnerable than healthy individuals (CDC, 2019). In more severe cases the disease can lead to 
still births in pregnant women, pneumonia, and meningitis.   
3. L. monocytogenes  
L. monocytogenes is the most common Listeria sp. because it causes the majority of 
human epidemic and sporadic cases (Doumith et al., 2004). L. monocytogenes has been isolated 
from organisms such as humans, cows, rabbit and sheep (Vázquez-Boland et al., 2001). Ingestion 
of contaminated food is the predominant mode of transmission for L. monocytogenes. However, 
L. monocytogenes can also be transmitted through the placenta from mother to child during 
pregnancy (Arora et al., 2017). The approximate infective dose of L. monocytogenes is estimated 
to be 10 to 100 million colony forming units (CFU) in healthy hosts, and only 0.1 to 10 million 
CFU in individuals at high risk of infection. There is a variation in incubation periods depending 
on the mode of transmission and dose received, but it typically ranges from 1 to 4 weeks, and can 
be as high as several months (Ryser, 2007).  
L. monocytogenes is associated with food products at 0 to 45°C. The 2003 risk 
assessment on RTE foods indicated that no food category is risk free regarding L. 
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monocytogenes contamination and resultant disease (FDA/FSIS/CDC, 2003). Delicatessen meats 
have the highest predictive risk for causing listeriosis (USDA, 2003). While delicatessen meats 
have a relatively low frequency of contamination in the US (0.8 to 2.1%), these products can 
support the growth of L. monocytogenes under typical storage conditions and have a long shelf 
life compared to other RTE food products. In this section, we will discuss the only known 
Listeria strain to cause human epidemic cases, L. monocytogenes.  
3.1 Listeriosis 
The consumption of L. monocytogenes causes the foodborne disease, listeriosis a public 
health problem in the United States. Listeriosis is a severe foodborne disease characterized by 
bacteremia and meningoencephalitis in individuals with impaired cell-mediated immunity 
(Schuppler, 2010). L. monocytogenes can have sporadic occurrence and uneven distribution on 
food. This can be influenced by the physicochemical characteristics such as competitive 
microbiota, storage temperature and intrinsic strain characteristics (Gomez et al., 2015). In 1929, 
the first case of human listeriosis was described (Nyfeldt, 1929). Since then, listeriosis has been 
recognized as a rare but often fatal illness (Ryser, 2007). In infected hosts, Listeria attacks by 
invading the intestinal epithelium barrier via transcytosis and invades the mesenteric lymph 
nodes and the blood (Becattini, 2017). This process is mediated by two bacterial surface proteins 
InlA and InlB. These surface proteins interact with their receptors on intestinal epithelial cells, E-
cadherin and Met (Bonazzi et al., 2009). These receptors activate T-cell mediated immunity 
which, under the influence of cytokines, attracts macrophages that produce inflammatory 
granulomata where bacteria are destroyed (Lamont, 2013). However, L. monocytogenes can 
withstand macrophages making it a very deadly infection. Majority of bacterial cells that invade 
become trapped in the liver and therefore are rapidly cleared form the circulatory 
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system. However, the surviving bacteria replicate in hepatocytes, thus causing the bacterium to 
make the host ill and become difficult to remove.   
Two forms of listeriosis can develop as the disease manifests: the noninvasive form or 
gastroenteritis and the serve invasive form. L. monocytogenes gastroenteritis takes place as the 
bacterium enters the gastrointestinal tract. This takes about eight hours before any symptoms is 
shown (Montville et al., 2017). Noninvasive listeriois is described as the febrile gastroenteritis. 
Fever is the most common symptom reported, and it has an incubation period of approximately 
one day (Montville et al., 2017). Fatigue is a common characteristic associated with non invasive 
listeriosis, that is distinctive from other foodborne illnesses (Ryser, 2004). There have been no 
host factors associated, and no strain differences observed for both types of listeriosis (Mehmood 
et al., 2017). However, strains causing non invasive listeriosis does cause invasive listeriosis. 
Since there is no indication of L. monocytogenes enterotoxins, it is hypothesized that febril 
gastroenteritis is limited to invasion of the gut mucosa (Ryser, 2007; Mehmood et al., 2017). 
Factors that lead to noninvasive illness versus invasive illness are unclear (Allerberger and 
Wagner 2010).  
The invasive form takes place about three to five days after ingestion of L. 
monocytogenes, due to the infection becoming more rooted in the tissues of the gastrointestinal 
tract (Vazquez-Boland et al., 2001). Invasive listeriosis is more severe with higher 
hospitalization and mortality rates (Buchanan et al., 2017). Exposure to and transient 
colonization of the gastrointestinal tract by L. monocytogenes appears to be common, but 
invasive disease is rare (Lamont et al., 2011). The invasive listeriosis can enter three ways: 
bloodstream infection, infection of the central nervous system, and maternal foetal listeriosis 
(Hernandez-Milian, and Payeras-Cifre, 2014). In adults, the most common clinical form of 
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listeriosis is meningitis, due to the bacterial tropism to the central nervous system. Those 
individuals with impaired cell-mediated immunity are pregnant women, elderly people, and 
immunocompromised patients resulting from transplantation events, causing them to be more 
susceptible to the invasive disease (Lamont et al., 2011). This may result in mother to fetus 
infections, septicemia, or meningoencephalitis (Schuppler, 2010). Several studies have also 
reported that there is no difference observed between strains of the two types.  
The diagnosis of Listeriosis can be confirmed in the laboratory; however, this depends on 
the isolation of L. monocytogenes from a sterile site such as the blood, cerebrospinal fluid or the 
placenta of a pregnant woman (Arora et al., 2017). When noninvasive listeriosis is suspected, 
stool samples are helpful for isolation of the bacteria. It has been reported that noninvasive 
listeriosis is most commonly acquired from RTE meat (Mateus et al., 2013).  
3.2 Classification and Identification of L. monocytogenes   
There are various methods used to identify and confirm L. monocytogenes. The most 
popular culture method used for L. monocytogenes confirmation is use of isolation media. 
Isolation media have been developed to enable identification of L. monocytogenes based on 
enzymes produced by the pathogen and acids produced due to fermentation of sugars (Beumer et 
al., 2003). Most common selective agars for isolation and identification of L. monocytogenes 
Oxford, PALCAM, and MOX rely on the esculinase reaction based on β-D-glucosidase activity 
to differentiate from other bacteria (Gasanov et al., 2005). These media have been tested on a 
wide range of different food products and are now included in most protocols and food industry 
standards (Gasanov et al., 2005). The benefits of media isolation are its ease of preparation and 
interpretation (Nayak et al., 2015).  
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L. monocytogenes can be identified based on their phenotypic traits. The phenotypic 
characteristics of L. monocytogenes colonies appear black with a black zone in surrounding 
medium (Gasanov et al., 2005; Nayak et al., 2015).  After 24 h colonies of L. monocytogenes 
appear small, 1 mm in diameter, greyish surrounded by black halos (aesculin positive). After 48 
h colonies become darker, sometimes with a greenish sheen, and are about 2 mm in diameter 
with black halos and often sunken centers (Allerberger, 2003). These media also contain 
selective agents to inhibit the growth of most other organisms. When plating, a minimum of 20 
colonies must be counted in each segment. Enumeration is done by counting the number of 
colonies on the plates either manually in conjunction with a viewing grid or using an automated 
colony counter.  
Other organisms will grow on selective plates and some species, such 
as Enterococcus and Bacillus spp., also utilize esculin and may have a similar appearance to L. 
monoctyogens (Law et al., 2014). Listeria classification can be mistaken if the microorganisms 
display similar characteristics. More tests must be conducted to identify Listeria colonies, but 
suspect colonies on selective agar must first be investigated for purity (Gasanov et al., 2005). 
Colonies of suspicion can be plated onto a different agar, and colonies examined by oblique 
lighting, a technique in which L. monocytogenes colonies appear reticulated with a distinct blue-
green cast (Gasanov et al., 2005). 
PCR is the gold standard molecular technique used to identify different Listeria spp. Two 
different PCR-based approaches are used to type Listeria strains. Random amplification of 
polymorphic DNA (RAPD) is an approach that utilizes random primers to amplify DNA 
fragments randomly. During the RAPD process, genomic DNA is characterized based on size 
and number of amplified DNA fragments generated by the single random or universal primer  
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used during PCR (Yao et al., 2012). This technique uses primers typically 10 bp long and of 
random sequence. Prior knowledge of the target DNA sequence is not required. RAPD typing is 
a simple technique compared to other molecular methods and has the ability to screen a large 
number of samples rapidy (Vitali et al., 2014). This tool is excellent for epidemiological studies 
to link L. monocytogenes strains isolated from listeriosis cases to foods that were implicated in 
outbreaks (Inoue et al., 2013; Cruz et al., 2014).  
The second approach, restriction fragment length polymorphism (RFLP) PCR, amplifies 
specific target sequences and analyze PCR products, by comparing lengths of DNA fragments 
(Gasanov et al., 2005; Kumar et al., 2014). RFLP involves the PCR amplification of a target 
gene and digestion of the PCR product with a restriction enzyme (Simsek et al., 2001). The 
restriction fragments are separated by electrophoresis and identified for genetic relations by 
comparing the number and size of fragments. While this approach has massive sample 
throughput combined with ease of use and interpretation of results, the discriminatory power of 
PCR-RFLP is low, and therefore its use in epidemiological investigations are limited (Gasanov et 
al., 200). 
L. monocytogenes can be grouped into different classification. They exhibit genetic and 
phenotypic diversity based on, genomic content, and recombination rates (Bertrand et al., 2016). 
One way Listeria monocytogenes are grouped is according to their genetic evolutionary lineages 
and these are classes I, II, III and IV. L. monocytogenes can also be distinguished by serotyping 
(Borucki, 2003). This scheme distinguishes various serovars by their somatic (O) and flagellar 
(H) antigens (Zhu et al., 2005).  There are 13 phylogenetic serotypes established based on cell 
wall expression (Zhu et al., 2005). Lineage I consists of serotypes 1/2b, 3b, 3c, and 4b strains, 
while lineage II includes serotypes 1/2a, 1/2c, and 3a (Borucki 2003; Rothrock et al., 2017). 
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Phylogenetic evidence has indicated that rare serotypes may have evolved from one of the 
significant serotypes (Ward et al., 2010). In the past, lineage III was formerly known as lineages 
IIIA/C and IIIB/C. With new developments through research, they are referred to as lineages III 
and IV, with serotypes 4a and 4c strains respectively (Ward et al., 2010; Tsai et al., 2012). 
Limited knowledge exists for lineage IV due to rarity and low strain variability, which 
contributes to seven unclear serotypes. Similarly, little is known about the lineage status of 
serotype 7 due to the lack of ability for it to be isolated and research performed (Ward et al., 
2010; Tsai et al., 2012; Rothrock et al., 2017). 
Most of the serotypes isolated from the environment belong to 1/2a and 1/2b at above 
50% (Ryser 2007). The leading isolates causing human listeriosis cases are serotype 1/2a, 1/2b, 
and 4b at about (98%) (Nho et al. 2015). Serotypes that are most commonly associated with 
human cases are 11 (1/2b) in chicken meat, C1-056 (1/2a) in human, sporadic case, N1-225 (4b) 
causing human epidemic, and N1-227 (4b) (Rothrock et al., 2017). Serotypes within lineage III 
(4a and 4c) are usually not related to disease outbreaks even though they are commonly isolated 
from various environmental and food specimens (Paul et al., 2014). Although serotyping has a 
low discriminatory power, it is the conventional method of typing Listeria because it is rapid 
(Ryser 2007).  
3.3 L. monocytogenes in RTE meat 
Contamination of food by L. monocytogenes can occur at any point in the food chain. 
Several widespread outbreaks of listeriosis have occurred in the past few decades that have 
established L. monocytogenes as a high priority pathogen. RTE foods including red meats, 
poultry, seafood, and vegetables have been documented as vehicles for several bacterial 
pathogens resulting in foodborne outbreaks (Buchanan et al., 2017). RTE meat is one of the most 
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common food products associated with L. monocytogenes in the USA (FSIS). Listeria 
transmission in RTE meat occurs through cross-contamination during post processing steps, and 
unlike most food products that require an initial cook process. RTE food products do not require 
thermal cooking to be consumed (Swaminathan and Gerner-Schmidt, 2007; Martin et al., 2010; 
Goulet et al., 2012).  Furthermore, Listeria can grow at 40 °C to 0°C, which increases the chance 
consumers will ingest L. monocytogenes (Ramaswamy et al., 2007).  In 1999, the largest RTE 
meat outbreak occurred in frankfurters. The epidemiological findings of the outbreak resulted in 
101 hospitalizations, 15 deaths, and 6 miscarriages. Since then have been several interventions to 
control L. monocytogenes outbreak. 
According to the FSIS Risk assessment in 2010, RTE meat products have the highest risk 
of deaths per serving and deaths per annum among all other food products (FSIS, 2010). In 2018, 
there were two outbreaks associated with RTE meat products (CDC, 2019). The total cases of 
both outbreaks were 8 persons. Though a small number, one death was recorded bringing the 
mortality rate of 12.5% in 2018 for RTE meats (CDC, 2019). With L. monocytogenes being 
present in RTE foods and possessing the capability to survive in normal refrigeration 
temperatures, it is evident that additional action must be taken to ensure the safety of RTE meats. 
Cross contamination increases the risk of L. monocytogenes consumption. Several ways 
in which a food product can be contaminated are by contaminated livestock, processing 
environment, during storage and retail (Kurpas et al., 2018). With various routes of attachment 
for Listeria, safety of RTE meat is needed. In 2002, a multistate outbreak of L. monocytogenes 
infection in the northeastern United States was attributed to the consumption of sliceable turkey 
deli meat. After the outbreak, 54 cases of listeriosis were identified, 8 deaths, and 3 stillbirths or 
miscarriages associated with this outbreak (CDC, 2002). More recently, in 2018, a multistate 
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outbreak involving deli ham meat resulted in 4 cases, 4 hospitalizations and 1 death (CDC, 
2018). Although both outbreaks were years apart, it demonstrates that L. monocytogenes is still a 
problem in RTE food products.  
3.4 Biofilms 
 L. monocytogenes has the unique ability to become resistant to various stress 
environments by growing into a biofilm. A biofilm is anmicrobial population of cells attached to 
a surface or to each other, which is encased in an extracellular polymeric substance (Donlan, 
2002). The formation of a biofilm increases biological fitness and promotes long term survival in 
stress environments. Biofilms are a challenge because once developed, they are difficult to 
remove (Valderrama and Cutter, 2013). Once a Listeria population forms into a biofilm, can 
build resistance against heat, antibiotics, sanitizing agents, as well as other environmental 
conditions such as pH, water availability, and nutrient availability (Belessi, 2010). It has been 
shown that L. monocytogenes reduction by treatment with sodium hypochlorite and heat is 
approximately 100 times lower in a biofilm than in planktonic cells (Taormina and Beuchat, 
2002). Resistance against sanitation is possible because of the prolonged growth rate of cells in a 
biofilm (McEntire, 2003).  
In the food industry biofilms attribute to a major source of contamination in processing 
facilities. Although L. monocytogenes can enter the food processing chain at any point, food 
processing and other handling facilities represent the most critical points for potential 
contamination can occur. Biofilm formation is often supported by accumulation of food residues 
in specific niches, like meat choppers or minced meat machines (Kurpas et al., 2018). L. 
monocytogenes thrives in hydrophilic conditions.  It is stated L. monocytogenes can also develop 
into a biofilm in less than 2 hours at 37°C on hydrophilic substances (Chavant et al., 1992).  
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The ability to form biofilms on surfaces is dependent on several environmental conditions 
such as temperature, relative humidity, salinity and type of surface it is in contact with 
(Kostakioti et al., 2013). In addition, biofilms are influenced by L. monocytogenes factors, such 
as biofilm-associated protein, protein SecA2, and flagella (Guilbaud et al., 2015). Bacteria are 
able to form biofilms with other microorganisms which may be present in a processing 
environment such as Pseudomonas and Staphylococcus. This may increase the strength of the 
biofilm structure and increase its resistance from cleaning and sanitation (Colagiorgi et al., 
2017). It has been shown that L. monocytogenes  has the capability to form a biofilm on surfaces 
such as stainless steel, ceramic tiles, and glass or even polyvinyl chloride and polyethylene 
surfaces (Doijad et al., 2015).  
4. Microbiota in RTE Meat 
Post cooking contamination from spoilage bacteria can significantly shorten the shelf life 
of meat under refrigerated temperatures and anaerobic conditions. For fresh meat, vacuum 
packaging has proven to be efficient in extending shelf life and preserving the sensory 
characteristics. However, psychotropic bacteria affect various microbial growth parameters 
including maximum growth rate (Doulgeraki et al., 2010). Packaged sliced RTE meats are found 
as a group of products with the largest population of bacteria (Colagiorgi et al., 2017). These 
bacteria thrive in those environments, allowing them to become dominant and cause 
deterioration in the product.  
In prepackaged foods, lactic acid bacteria are prominent because they thrive in low oxygen. 
However, growth of lactic acid bacteria in RTE meat products are not desirable. Lactic acid 
bacteria may cause spoilage, by breaking down proteins and competing for nutrients (Amezquita 
and Brashears, 2002). Hydrogen peroxide and other low molecular-weight products are also 
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produced by lactic acid bacteria in RTE meat products during storage.  These effects can have a 
qualitative and microbial effect on RTE products that is unwanted. L. monocytogenes that have 
been isolated from vacuum-packaged RTE meat products have been characterized as either new 
species or as species that were previously considered to be harmless (Hernandez-Macedo et al., 
2011). This is possible because in food products when oxygen levels are high, aerobic or, 
facultative anaerobic Gram-negative bacteria dominate. However, at low oxygen levels, 
facultative anaerobic or anaerobic Gram-positive microbiota grow (Ryser, 2007). Major 
microbial groups affecting packages RTE meat include Clostridium species, Leuconostoc 
carnosum, Leuconostoc mesenteroides, Lactobacillus curvatus, Enterococcus sp., and some 
others from the Enterobacteriaceae family (Texeria et al., 2018).  
The microbiome is the infection intersection, where host, food, and microorganism 
intersect (Wang, 2017). The role of competitive meat microbiota on the growth and survival of L. 
monocytogenes has not been systematically explored. Nevertheless, adding cells to the meat 
product held at psychrophilic temperature could still give an inhibitory effect due to the 
continuous production of metabolites by the cells during the storage. Storage temperature can 
affect the spoilage potential of bacteria and different strains of the same species do not 
necessarily grow at the same rates (Lee et al., 2017). Knowledge of the microbiota in RTE meats 
is an initial step toward understanding the factors that influence the shelf life of these products 
(Miller, 2015). This step helps to identify microorganisms that prevail in the microbiota of RTE 
meat products and how they can be alleviated.   
5. Natural antimicrobials 
One-way potential pathogens can be alleviated in food products is the use of 
antimicrobials. The purpose of antimicrobials in food is to decrease the total microbial load 
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present. During food processing, there are many environments for bacteria to thrive in, and it is 
important that the food industry find improved interventions to combat these pathogens.  
Antimicrobials have been applied to foods for centuries. However, consumers are now 
demanding alternatives that they perceive as “natural” (Marshall and Levy, 2011). RTE 
processed meat products without synthetic chemicals have become increasingly popular with 
consumers over the last few years (Poti et al., 2015). The natural and organically processed meat 
categories continue to experience growth, through the perceived safety and health benefits of 
foods free of chemical preservatives and pesticides. The following section will cover current 
antimicrobials used in the food industry 
5.1 Bacteriocins 
The use of biological-based antimicrobials has increased. Bacteriocins are ribosomally-
synthesized peptides or small proteins with antimicrobial activity, produced by different groups 
of bacteria, active against bacteria related to the producer strain. Bacteriocins are regarded as 
safe for human consumption because they are digested rapidly by proteases in the human 
digestive tract. There are four categories of bacteriocins: lantibiotics, unmodified peptides, large 
proteins, and circular peptides (Yang et al., 2014). In general, the mode of action for bacteriocins 
involve the denaturing of the cell membrane (Yang et al., 2014; Campos et al., 2016). Anionic 
lipids of the cytoplasmic membrane are the primary receptor and binding initiates pore 
formation. This leads to depolarization across the membrane and subsequent cell death (Campos 
et al., 2016). Bacteriocins can also disrupt biochemical processes by inhibiting cell wall, DNA, 
RNA, and protein synthesis. Bacteria that produce these bacteriocins are immune to their own 
products through the synthesis of enzymes that make them immune to their own antibacterial 
effect (Ríos Colombo et al., 2018).  
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Lactic acid bacteria are the main sources of known bacteriocins (Sirsat et al., 2009). The 
bacteriocins from food grade lactic acid bacteria are non-toxic to humans, do not alter the 
nutritional properties of the food product, and have been demonstrated to be effective at low 
concentrations (Ramu et al., 2015). The most common bacteriocin used in meat products is nisin, 
which has GRAS (Generally Redarged as Safe) status and belongs to the lantibiotic group. Nisin 
has been shown to reduce populations of Gram positive bacteria, such as Listeria (Ryser, 2014). 
Food products that have been targeted for use of bacteriocins or bacteriocin-like inhibitory 
substances include meat, fish, dairy, cereal, fruit and vegetable beverage products as well as 
other foods that usually undergo refrigeration. Research has also demonstrated the efficacy of 
nisin at reducing populations of Listeria in RTE meat (Leverentz, et al., 2003). Frankfurters 
treated with nisin resulted in a 2.35 log reduction in L. monocytogenes (Leverentz et al., 2003). 
Ruiz et al. (2010) also studied the anti-Listeria effect of nisin on RTE vacuum packed diced 
turkey. The authors observed a 4 log reduction in Listeria growth when nisin was applied.  
An additional advantage of bacteriocins as ribosome-synthesized peptides is the potential 
for bioengineering strategies (Perez et al., 2014), which might enhance bioactivity and specificity 
against food-borne pathogens and food spoilage organisms. Bacteriocins may also be engineered 
for improved solubility, protease resistance, and pH tolerance, further augmenting their value 
and effectiveness as antimicrobials (Carmona-Ribeiro et al., 2014). 
5.2 Essential Oils 
For many years, aromatic plants and their components have been examined as potential 
inhibitors of bacterial growth, where their properties have been linked to essential oils and other 
secondary plant metabolites (OBryan et al., 2015; Chouhan et al., 2017). Essential oils are 
natural volatile compounds extracted from different parts of an aromatic plant such as bark, 
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leaves, flowers, and seeds (Seow et al., 2014). These oils are comprised of terpenes, aldehydes, 
alcohols, esters, phenolics, ethers, and ketones (Chouhan et al., 2017). 
Essential oils are characterized by two or three major components being present at high 
concentrations (20 to 70%) while other components are present in trace amounts (Bilia et al., 
2014). For example, carvacrol (30%) and thymol (27%) are the major components of Origanum 
essential oil (Bilia et al., 2014). The antimicrobial effect of essential oils is reportedly mainly due 
to the phenolic compounds it contains (Bachir et al., 2012; Chouhan et al., 2017). The mode of 
action for essential oils may be damage to cytoplasmic membranes, protein denaturation, 
coagulation of cytoplasm, and depletion of the proton motive force (Nazzaro et al., 2013, Swamy 
et al., 2016). The structure of the Gram-positive bacterial cell wall allows hydrophobic molecules 
to easily penetrate the cells and act on both the cell wall and within the cytoplasm, whereas Gram 
negative bacteria are more resistant (Nazzaro et al., 2013).  
The inhibitory effect of essential oils on Listeria has been documented. Pirbalouti et al. 
(2010), evaluated the effect of three essential oils from Thymus daenensis Celak (Lamiaceae), 
Thymbra spicata L. (Lamiaceae), and Satureja bachtiarica Bunge on chicken frankfurters 
(Pirbaloui et al., 2010). The results indicated that L. monocytogenes populations increased during 
seven and 14 days of storage at 4 °C on control frankfurters but decreased on frankfurters with 
essential oil treatment. The application of 1 % essential oil to frankfurter surfaces can reduce 
Listeria. The antibacterial effect of clove oil was also examined in meat at 30 °C and 7 °C by 
Menon and Garg (2001). At the concentrations of 0.5% and 1%, clove oil restricted the growth 
of L. monocytogenes in mined mutton at both temperatures, with 1% being more effective 
(Menon and Garg, 2001). Limitations of essential oils in food are their strong organoleptic 
flavor, low water solubility, and low stability (Chouhan et al., 2016).  
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5.3 Organic Acids 
An organic acid is a carboxylic acid including fatty acids having the formula R-COOH 
and exhibit acidic properties (Miraz et al., 2016). Organic acids such as citric, acetic, lactic and 
tartaric acids have demonstrated bactericidal properties (Campos et al., 2016). They are all found 
in nature, usually in food such as fruits, vegetables, and fermented foods but are often 
manufactured chemically for use in foods (Lu et al., 2011).  Acidulants as a food additive are 
advantageous for transport because they are dry/solid, and are GRAS certified with use in a wide 
range of food and beverages (Jones-Hamilton, 2018; USDA, 2015) They aer used in food 
products to lower the pH of the food system, causing microorganisms present to be destroyed 
(Campos et al., 2016). The antimicrobial effect of organic acids is believed to be by diffusion of 
the protonated acid through cell membranes followed by intracellular dissociation of the acid. 
This results in acidification of the cytoplasm and intracellular acid anion accumulation (Lu et al., 
2011). Other factors affecting the antimicrobial activity of organic acids depend on pH, acid 
concentration, ionic strength, molecular weight of the acid, ratio of protonated to unprotonated 
forms, and the bacterial strains being attacked. 
For many years, natural constituents of many foods such as acetic, lactic, malic, and citric 
acids have been used in food preservation. Several studies demonstrated inhibitory effects on 
acids are greater at lower temperature (Campos et al., 2016). This is demonstrated perfectly with 
the use of lactate in meat products. Sodium lactate, a GRAS chemical, is widely used as a 
preservative to prolong shelf-life and increase the safety of meat products. Sodium lactate is also 
considered natural according to the International Association of Natural Product Producers 
(IANPP) and labeled as an organic substance for use as an antimicrobial and processing aid 
(McDonnell et al., 2013). 
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It has been shown that lactate can inhibit the growth of bacteria by reducing the water 
activity of food products followed by retarding the development of bacteria and also by 
acidifying the intracellular pH (Ricke, 2003). Most applications of organic acids are linked with 
the preservation of ready to eat meat products in order to prevent post process contamination 
(Theron & Lues, 2007). According to Hwang et al., 2011, sodium lactate was able to reduce the 
bacterial population of E.coli, Salmonella, and Listeria at refrigerated and “abuse” temperatures.  
Most essential applications of organic acids are linked with the preservation of ready to 
eat meat products to prevent contamination post processing (Campos et al., 2014). RTE meat 
products are typically formulated, dipped or sprayed with an organic acid solution. Surface 
application can be more effective than addition in the formulation since bacteria are at the 
product surface where contamination occurs (Campos et al., 2014). Consequently, as a small 
amount of the antimicrobial is necessary, no additional changes in food product formulations 
should be made. Barmpalia et al. (2004) showed that organic acid was able to reduce L. 
monocytogenes in frankfurters. Sodium lactate and sodium diacetate solutions were able to 
reduce L. monocytogenes populations reductions of 0.6 to 1.0 log CFU/ cm2 over 28 to 40 days, 
with no visual changes in the frankfurters (Barmpalia et al., 2004). The use of organic acid 
provides a safe alternative for antimicrobials with safety benefits and a reduced impact on human 
health. Some disadvantages of organic acid use include its high cost, corrosiveness and strong 
odors that must be masked (Warnecke and Gill, 2005). 
6. Antimicrobial Resistance in RTE Food 
Antimicrobials are used in the food industry to increase shelf life of their food products 
(Arshad & Batool, 2017). However, the spread of antibiotic-resistant bacteria is accelerating 
worldwide, partly due to the over-prescription of drugs in clinical settings and the heavy use of 
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antibiotics as growth promoters in livestock feed (Chang et al., 2014). The purpose of these 
antimicrobial compounds is to target unique bacterial cell features such as cell wall synthesis, 
causing bacterial cell death (Luque-Sastre et al., 2018).  In 1998, the first antibiotic-resistant L. 
monocytogenes strains were reported, where it was isolated from a patient with 
meningoencephalitis in France (Charpentier and Courvalin 1999; Morvan et al., 2010). Since 
then, multiple Listeria species resistant to antimicrobial compounds have been isolated (Luque-
Sastre et al., 2018).  
Bacteria possess two types of resistance: intrinsic resistance and acquired resistance. 
Listeria have exhibited an innate resistance to a variety of antimicrobials including many β-
lactams, most of the cephalosporins, cationic antimicrobial peptides, and some lantibiotics 
(Collin et al., 2010; Jarvis et al., 2015). Intrinsic resistance can arise from several factors such as 
a lack of affinity of the drug for the bacterial target, inaccessibility of the antimicrobial to the 
bacterial cell, extrusion of the antimicrobial by active transporters and an innate production of 
enzymes that can inactivate incoming antimicrobials (Alekshun & Levy, 2007; Li, et al., 2015). 
Most cases of resistance to antimicrobial compounds in this bacterium are due to 
acquired mechanisms (Luque-Sastre et al., 2018). Acquired antibiotic resistance in L. 
monocytogenes is reportedly due to acquisition of self-transferable plasmids, mobilizable 
plasmids, and conjugative transposons (Charpentier and Courvalin, 1999). Some resistant 
bacteria also modify target sites (Santajit and Indrawattana, 2016).  
Efflux pumps have also been reported to be present in Listeria, contributing to the 
resistance (Godreuil et al., 2003). Efflux pumps are proteins which can remove toxic substrates 
out of bacteria cell, such as antimicrobials (Van Bambeke et al., 2000). So far, two specific 
genes, MdrL and Lde, have been discovered in L. monocytogenes.  It is possible that the presence 
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of these two genes contribute to resistance of antimicrobials. In a study by Mata et al., 2000, the 
MdrL gene exhibited resistance by pumping macrolide antimicrobials, heavy metals, cefotaxime 
and ethidium bromide outside of the cell (Mata et al., 2000). The Lde pump was shown to be 
associated with flouroquinolone, acridine orange, and ethidium bromide (Godreuil et al., 2003).   
 There is concern with antimicrobial resistance and RTE meat products. In the study by 
Gomez et al., (2014) Listeria isolates from RTE meat products displayed higher overall 
antimicrobial resistance (31.3%) than those from the environment (13.4%). Kovacevic et al., 
(2013) similarly found antibiotic resistance was more commonly observed for L.monocytogenes 
in RTE foods (11%) than in processing environment samples (13%). A potential cause of this 
resistance may arise from repeated exposure to sub-lethal concentrations of some antimicrobials 
(i.e., ciprofloxacin) may produce derivative strains possessing increased tolerance to the 
respective selective agent as well as increased tolerance to other antibiotics. Research indicates 
that exposure to sub-lethal concentrations of antimicrobials selects for resistance, and multidrug 
antimicrobial resistance occurs (Kohanski et al., 2010).  
 Concern over antimicrobial resistance should spur innovative ways to combat the 
problem and find novel ways to preserve food from L. monocytogenes. The over-use of 
antimicrobials to prevent food borne pathogens have accelerated resistance in food products. As 
consumer demand for “natural” alternatives to synthetic chemicals in foods continues, the use of 
alternative antimicrobials should be investigated.  
7.   Conclusions 
L. monocytogenes is a food pathogen of concern in the food industry, with high risk in 
RTE products. It is potentially fatal with a high mortality rate (20 to 30%). Factors that 
contribute to the problem are the long incubation period of Listeria, the susceptibility of 
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individuals with impairment of T-cell mediated immunity, and clinical manifestations that make 
it harder to make a diagnosis of L. monocytogenes (Hernandez-Milian., and Payeras-Cifre, 
2014). Better methods to efficiently diagnose and reduce the incidence of listeriosis are needed.  
Application of antimicrobials post-production is one way to combat L. monocytogenes. 
Compounds derived from fruits, spices, oilseeds, and vegetables that are GRAS substances can 
be used in the manufacture of natural and organically processed meat. Research has shown the 
use of GRAS substances in RTE meat have been shown to exhibit bactericidal and bacteriostatic 
effects on L. monocytogenes and other foodborne pathogens (Figueredo and Almeida, 2017) 
However, their use in RTE processed meat and poultry products have not been extensively 
investigated.  Our future objective is to find potential alternative antimicrobials for controlling L. 
monocytogenes. The use of natural antimicrobial interventions alone and in combination with 
post-mortem interventions to inhibit the recovery and growth of L. monocytogenes in naturally 
cured RTE processed meat products need to be further investigated.  
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Abstract 
The prevalence of Listeria monocytogenes under refrigerated conditions is a concern for 
ready to eat meats like Frankfurters.  The purpose of this study was to evaluate the bactericidal 
effect of potential antimicrobials, Bisulfate of Soda (SBS), Nisin and their combination on L. 
monocytogenes in frankfurters. Antimicrobial treatment concentrations of SBS and nisin were 
indicated by performing minimum inhibitory concentration (MIC) and minimum bactericidal 
concentration (MBC) test. Results of the MIC indicated the concentrations 0.75 and 1.5% SBS 
and 0.5,1 and 2% nisin will be used throughout the study. Frankfurters were inoculated with L. 
monocytogenes (initial population: 6.65 log CFU/mL and treated with water, SBS (0.75 and 
1.5%) nisin (0.5, 1, and 2%) and combinations (0.75% SBS+0.5% nisin, 0.75% SBS+1% nisin, 
1.5% SBS+1% nisin, and 1.5% SBS+2% nisin).   After treatment, frankfurters were removed, 
rinsed in neutralizing buffer, and plated on Oxford agar. Data were analyzed using One-Way 
ANOVA, linear contrasts and pairwise comparisons in JMP 14.0.  Differences were determined 
using Tukey’s protected HSD and considered significant when P ≤ 0.05. The treatment 1.5% 
SBS + 2% nisin exhibited the greatest reduction of L. monocytogenes (2.66 log CFU/mL; 
P<0.001). Although the effectiveness of both SBS and nisin concentrations were similar when 
compared to (0.75% SBS- 2.19 log CFU/mL; 1.5% SBS- 2.29 log CFU/mL; .5% nisin- 1.99 log 
CFU/mL; 1% nisin- 2.47 log CFU/mL; 2% nisin- 2.42 log CFU/mL), there was a linear effect 
shown by the SBS and nisin treatments compared to the tap water treatment (P < 0.0001; P < 
0.0001).  The effectiveness of 0.75% SBS compared to other treatments using pairwise 
comparisons determined that frankfurters treated with 0.75% SBS and 0.75% SBS+1% nisin 
resulted in lower L. monocytogenes populations than tap water (TW), whereas 0.75% SBS+0.5% 
nisin was not different (P < 0.0001).  Furthermore, when evaluating the efficacy of 1.5% SBS 
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using pairwise comparisons, 1.5% SBS, and 1.5% SBS combinations were all significantly 
different than TW (P < 0.0001).  Together, both antimicrobials can reduce Listeria without 
diminishing the appearance of the frankfurter. The results suggest incorporating SBS and nisin as 
an alternative antimicrobials for frankfurters can be effective for decreasing L. monocytogenes. 
 
Running Title: Alternatives for controlling Listeria monocytogenes 
 
Keywords: Nisin, Bisulfate of Soda, Synergistic, Listeria monocytogenes, Frankfurters 
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1. Introduction. 
 
Ready-to-Eat (RTE) products are those that are generally safe to consume without 
additional preparation or cooking.  These products often include beef and poultry products such 
as deli meats, frankfurters, canned meats (tuna, chicken, and spam), as well as beef and another 
meat jerky (Seman et al. 2018).  Due to the nature of RTE foods, there is a considerable concern 
for the consumption of contaminated food.  One of the leading foodborne pathogens associated 
with RTE foods is Listeria monocytogenes (Zhu et al. 2005).  L. monocytogenes is ubiquitous in 
nature and able to grow in both aerobic and anaerobic environments, enabling it to persevere 
under several different conditions (Saha et al. 2015).  In addition, L. monocytogenes acts as a 
saprophytic organism with the capability to adapt to an ever-changing environment because it 
possesses multiple stress response mechanisms such as overcoming varying temperatures (0 to 
45°C), salt concentrations (up to 10% NaCl) and is non-extremophilic (pH 4.5 to 9.2) (Ryser et 
al., 1997; Wang et al. 2017).  Therefore, L. monocytogenes is a significant threat to consumer 
welfare and the RTE food industry. 
As L. monocytogenes is distributed ubiquitously throughout the environment, it has 
emerged as a major foodborne pathogen.  The ingestion of L. monocytogenes causes listeriosis, a 
foodborne disease, which is recognized as an important worldwide public health problem 
(Mateus et al. 2013).  Listeriosis accounts for 1600 cases of illness and Listeria is associated with 
approximately $2.7 billion in monetary loss in the United States annually (ERS, 2014).  The 
major concern surrounding listeriosis is the severity of the disease.  Listeriosis has been reported 
to have a mortality rate of 19 to 30% in immunocompromised patients in the United States. 
(Swaminathan and Gerner-Schmidt, 2007; Goulet et al., 2012, CDC, 2017).  Most listeriosis 
cases are caused by transmission through fresh produce and RTE food (Zhu et al., 2017).  
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RTE meat is one of the most common food products associated with L. monocytogenes in 
the USA (USDA, 2016). Listeria transmission in RTE meat occurs through cross-contamination 
during post processing steps, and unlike most food products that require an initial cook process, 
RTE food products do not require thermal cooking in order to be consumed (Swaminathan & 
Gerner-Schmidt, 2007; Martin et al., 2010, Goulet et al., 2012).  Furthermore, Listeria have the 
ability to grow at 40 °C to 0°C, which increases the chance consumers will ingest L. 
monocytogenes (Ramaswamy et al. 2007).  According to the FSIS Risk assessment in 2010, RTE 
meat products have the highest risk of deaths per serving and deaths per annum among all other 
food products (USDA, 2016). In 2018, there were two outbreaks associated with RTE meat 
products (CDC, 2019). The total cases of both outbreaks were 8 persons. Although a small 
number, one death was recorded bringing the mortality rate of 12.5% in 2018 for RTE meats. 
With L. monocytogenes being present in RTE foods and possessing the capability to survive in 
normal refrigeration temperatures, it is evident that additional action must be taken to ensure the 
safety of RTE meats. 
A potential method to improve the shelf life of RTE meats and reduce the presence of 
foodborne pathogens such as L. monocytogenes is the introduction and use of novel 
antimicrobials.  The application of antimicrobial compounds can be utilized after lethality steps, 
such as pasteurization and steaming, with the purpose of controlling and diminishing post-
processing contamination (Koseki et al., 2007).  Other lethality steps have demonstrated the 
potential to initially reduce L. monocytogenes population; however, as Listeria can grow at 
refrigerator temperatures, there is a concern for Listeria to regrowth during cold storage (Chan 
2008). In contrast, the use of antimicrobials has demonstrated the potential to control the growth 
of L. monocytogenes alone or when used in combination with other lethal and post-lethal steps 
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(Thompson et al. 2008; Lourenco et al., 2017). Previously, Martin et al., (2009) studied 
combinations of lauric arginate and sodium lactate/potassium diacetate, which would produce an 
immediate lethality against L. monocytogenes on frankfurters (Martin et al., 2009). The 
combination of either potassium lactate/sodium diacetate with 22 ppm lauric arginate caused 
more than a 2-log reduction throughout its shelf life. Therefore, there is a legitimate need to 
investigate the application of alternative antimicrobials on RTE foods. Thus, the purpose of the 
current study was to evaluate the antimicrobial effect of an alternative acidifier bisulfate of soda 
(SBS) and the bacteriocin nisin used alone and in combination on the reduction of Listeria 
monocytogenes using commercial frankfurters as the model food matrix. 
 
2. Materials and Methods 
 
2.1 Frankfurter Procurement and Listeria Screening 
 
Commercially available frankfurters (eight, uncured, no-nitrate or nitrite-added, no 
preservatives, no by-products and two nitrite added controls) were obtained from commercial 
retail outlets and transported under refrigerated conditions to the University of Arkansas Center 
for Food Safety (Fayetteville, AR, USA) on four separate occasions (replications).  Selection of 
frankfurters was based on sell by dates indicated on the package.  Prior to the experiment, 
frankfurters from random packets were chosen and screened for the unintended presence of 
Listeria by rinsing in neutralizing buffered peptone water (nBPW; USDA, 2016) for 1 minute, 
plating on Oxford agar, and aerobically incubating for 24 hours at 37°C. 
2.2 Inocula Preparation 
Listeria monocytogenes strain EDG-e was used for this study because it is one of the 
more studied strains with its ecology, functionality, genetic and biochemical data available and 
its genome is fully sequenced. L. moncytogenes EDG-e was grown on Oxford agar (Himedia 
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Company, West Chester, Pennsylvania, USA) aerobically at 37°C for 24 hours.  After 
incubation, one colony was inoculated in 20 ml of Tryptic soy broth (TSB; Becton, Dickinson 
and Company, Sparks, Maryland, USA), followed by incubation at 35°C with constant shaking 
at 100 RPM for 24 hours.  The pure L. monocytogenes culture was then washed twice with 20 
mL of sterile 1 × Phosphate Buffered Saline (PBS; 8 g of NaCl, 0.2 g of KCl, 1.44 g of 
Na2HPO4, and 0.24 g of KH2PO4 per 1 L, with the pH adjusted to 7.4 with HCl) using 
centrifugation at 25,000 g’s for 5 minutes.  The final pellet was re-suspended in 20 mL of PBS 
and was utilized as the inoculum.  
2.3 Minimum Inhibitory Concentration (MIC) 
 
Listeria monocytogenes strain EDG-e was grown on Oxford agar at 37°C for 24 hours.  A 
96 well microplate was subsequently filled with 100 µL of TSB.  A single colony was selected 
and aseptically transferred into each well of 100 µL of TSB followed by growth overnight 
aerobically at 37°C for 24 hours.  
Antimicrobial treatments, SBS and nisin, were used as an indicator for the MIC in the 
current study.  The antimicrobials were prepared in TSB, 20 mL of SBS at 25% and nisin at 25% 
weight to volume.  Following, dilutions (1:2) were achieved by adding 100 µL of TSB to 
subsequent wells in a 96 well microplate.  Listeria was pin replicated into treatment plates using 
a 96 pin replicator.  Immediately following pin replication, the microplates were incubated for 18 
hours at 37°C in aerobic conditions.  After incubation, the microplates were observed for 
bacterial growth. There were six plates in total utilized in the study (3 total replication of both 
SBS and nisin). 
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2.4 Minimum Bactericidal Concentration (MBC)  
 The observed MIC was subsequently plated on Oxford agar and incubated aerobically for 
24 hours at 37°C.  Following, 10 µL of the MIC solution and two wells above and below the 
MIC concentration were plated in triplicate and incubated under previously mentioned 
conditions.  MBC was defined as the concentration plated that demonstrated no growth after 24 
hours of incubation. 
2.5 Inoculation and Treatment Application 
Antimicrobial solutions were prepared with SBS [0.75%, and 1.5% (w/v)] (Jones 
Hamilton Company, USA), nisin [0.50%, 1.0% and 2% (w/v)] (Sigma-Aldrich), and the 
combination [0.75% SBS + 0.5% Nisin, 0.75%SBS + 1.0% Nisin, 1.5% SBS + 1% nisin, and 
1.5% SBS + 2% nisin (w/v)] in 20 mL of tap water at room temperature. In the current study, 
only confirmed Listeria-free frankfurters were used. Commercial beef frankfurters were 
purchased and used throughout the study. There was one frankfurter per treatment, with four 
replications. Frankfurters were placed into sterile sample bags (VWR, Radnor, Pennsylvania, 
USA), where the inoculum was then administered.  The frankfurters were spot inoculated by 
dispersing 1 mL of the inoculation solution (5.86 x 106 CFU/mL) per frankfurter.  After 
frankfurters were inoculated, each group was stored at 4°C for an hour to allow for attachment.  
Following inoculation, frankfurters were submerged in their respective antimicrobial 
treatments.  Frankfurters were placed in sterile containers with 20 mL of antimicrobial solution. 
There was a sample size of 44 frankfurters, with 4 replications. Each frankfurter was manually 
agitated for 1 minute and allowed to rest for 2 minutes.  After frankfurters were aseptically 
removed from the container containing the respective antimicrobial treatments, frankfurters were 
placed into sterile sample bags.  Following removal, frankfurters were stomached for 1 min in 
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100 mL of nBPW so that injured, viable bacteria and biofilm forming bacteria could be 
recovered, without the continued action of the antimicrobials (Bourassa et al., 2019).  The 
resulting rinsates were diluted 10-1 to 10-6 and spread plated on Oxford agar in duplicates.  Plates 
were inverted and aerobically incubated for 24 hours in 37°C. A detection limit of 30 to 300 
colonies per plate was used. 
2.5 Statistical Analysis 
 
From the frankfurter study, only Listeria monocytogenes colony count between 30 and 
300 were recorded and log transformed.  Log transformed colonies were utilized to determine 
total log reduction of TW and treatments from the inoculated control.  Therefore, only log 
reductions were analyzed using One-Way ANOVA, Linear contrasts and Pairwise comparison in 
JMP 14.0 (SAS Institute, City, State, US).  Linear contrasts were performed to determine if there 
was an effect of increasing the dosage of SBS or Nisin on mean log reduction of L. 
monocytogenes. Means were separated using Tukey’s protected HSD with a significance level of 
P ≤ 0.05.  
3. Results 
 
The goal of performing the MIC in the current study was to determine the range of 
antimicrobial concentration that would inhibit visible growth of Listeria monocytogenes.  
Therefore, the concentration of antimicrobials used in the current experiment with frankfurters 
was based on the clarity of the observed microtiterplate wells.  The wells that were ruled clear 
were plated on Oxford agar to obtain the MBC. The MIC and MBC results indicated the use of 
concentrations 0.75 and 1.5% SBS and 0.5,1 and 2%. 
The results of the One-Way ANOVA suggest that there was a treatment effect (P < 
0.0001, Table 1).  All experimental treatments reduced the population of L. monocytogenes on 
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frankfurters compared to the no treatment control (6.65 log CFU/mL). Reduction was calculated 
by subtracting the log CFU/mL of treatment from the average log CFU/mL of the no treatment 
(NT) frankfurters. The mean reduction of the individual treatments 0.5, 1 and 2% nisin ( 1.99, 
2.47 and 2.42 log CFU/mL) and 0.75 and 1.5% SBS (2.19 and 2.29 CFU/mL) were not different 
from one another.  All treatments except 0.5% nisin and TW (1.99 and 1.23 log CFU/mL) had a 
significant reduction of L. monocytogenes on frankfurters compared to the NT control (6.65 log 
CFU/mL, respectively).  Overall, the greatest numerical reduction of L. monocytogenes 
compared to the NT control was demonstrated in the use of 1.5% SBS plus 1% nisin and 1.5% 
SBS plus 2% nisin as the use of both combinations resulted in 2.5 log CFU/mL reduction of L. 
monocytogenes (2.66 and 2.61 log CFU/mL).  Although there was a numerical difference 
exhibited by treatments, there was no indicated statistical separation between experimental 
treatments except tap water. Therefore, further statistical analyses were utilized to determine 
differences between experimental treatments. 
The linear trends of two SBS concentrations, 0.75 and 1.5%, on reducing Listeria 
monocytogenes on frankfurters were investigated for the increasing concentrations of SBS within 
treatments (P < 0.0001, R2 = 0.84, Table 2).  There was a linear difference between the TW and 
treatments. Both SBS treatments (0.75% and 1.5%) demonstrated a linear trend. However, there 
was no difference between the two treatments when compared to each other.  The linear effects 
of the three nisin concentrations, 0.5, 1.0, and 2%, on reducing Listeria monocytogenes on 
frankfurters was also investigated (P < 0.0001, R2 = 0.70, Table 3).  It was demonstrated that 
TW and nisin at 0.5% are similar, whereas nisin treatments 1 and 2% are similar to each other 
but statistically different from the other treatments. 
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 The effectiveness of the SBS treatments was further analyzed by conducting a pairwise 
comparison.  The effect of 0.75% of SBS used alone or in combination with varying 
concentrations of nisin was investigated (P < 0.0001, Table 4). Compared to TW, 0.75% SBS 
was statistically different.  However, all other treatments were not different as 0.75% SBS 
demonstrated similar effects as 0.5, 1, 2% nisin and the combinations of 0.75% SBS with 0.5 and 
1% nisin.  The effects of 1.5% of SBS used alone or in combination with varying concentrations 
of nisin were also compared (P < 0.0001, Table 5).  Although not statistically different, the 
results showed that 1.5% SBS and 1.5% SBS in combination with 2% nisin yielded the lowest 
population of L. monocytogenes per mL.  All 1.5% SBS treatments were statistically different 
from the TW but, all 1.5% SBS treatments (1% nisin, 2% nisin, Combination with nisin 1 and 
2%) were statistically the same.  There were no visual changes observed among treated 
frankfurters. 
4. Discussion 
 
In the current study, frankfurters were submerged into antimicrobial solutions and 
evaluated for the ability to diminish post-processing L. monocytogenes contamination. Therefore, 
only frankfurters made with no additives were obtained from a local supermarket and artificially 
inoculated with L. monocytogenes.  Though there was potential for residual antimicrobials, the 
inoculation and use of controls minimized the influence these factors had on the results of the 
current study to nominal.  
The purpose of this study was to evaluate the effect of potential alternative antimicrobials 
of SBS and nisin on frankfurters. There were 11 treatments comprised of SBS and nisin utilized 
alone or in various combinations.  The treatment of frankfurters with 1.5% SBS + 2% nisin 
exhibited the lowest population of L. monocytogenes.  There was a 2 to 2.5 log reduction in all 
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treatments compared to the NT. These results demonstrate that a bactericidal treatment such as 
SBS and nisin alone or in combination, at all concentrations, were able to reduce the growth and, 
thus, reduce the risk of L. monocytogenes on RTE meats such as frankfurters.   
SBS was used to examine its potential antimicrobial effect against controlling Listeria in 
frankfurters. L. monocytogenes has been reported to be inhibited by lowering the pH, creating an 
adverse environment (Tienungoon et al., 2000). Similar to organic acids, SBS has the ability to 
reduce the pH level of surrounding materials once it is applied (Micciche et al. 2019). With a pKa 
of 1.96, SBS can be effective in reducing L. monocytogenes on frankfurters. Throughout this 
study, SBS treatments reduced the concentration of L. monocytogenes.  Similar results have been 
demonstrated using organic acids to control Listeria. According to Martin et al., (2010), lactic 
acid bacteria, (LactiGuardTM) were able to reduce L. monocytogenes population by 2 log CFU/g2 
on frankfurters formulated with lactate/diacetate.  It has been reported that organic acids alleviate 
intracellular pH more effectively than inorganic acids, which can cause differences in reduction 
(Papatsiros et al., 2012). However, L. monocytogenes responses vary between organic and 
inorganic acids to maintain pH homeostasis, which in turn causes some pathogenic strains of 
Listeria monocytogenes to be resistant (Cheng et al., 2015). Therefore, SBS could be considered 
a desired alternative because of antimicrobial resistance to organic acids. 
Due to the growing concern surrounding the use of synthetic food additives in the US 
(Devcich et al. 2007), the addition of SBS could be a novel antimicrobial. It is Generally 
Recognized as Safe (GRAS) (United States Department of Agriculture, 2018), and gives off a 
slightly less salty taste than organic acids such as lactic and acetic acid (Kim et al. 2018). 
Furthermore, SBS has been declared as a safer alternative choice as an antimicrobial by the 
Environmental Protection Agency (EPA, 2018). Currently, there are no regulations for SBS used 
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in RTE meat products. There is limited literature on the application of SBS on RTE meat but, 
SBS has been reported to be able to reduce microorganisms in multiple environments.  
According to Kim et al. (2018), SBS exhibits an antimicrobial effect on whole apples inoculated 
with Listeria innocua. Kim et al. (2018) observed a 3.66 log reduction of Listeria innocua to 30 
min exposure with 3% SBS in combination with 60 ppm peracetic acid. Although reduction 
differences exist, the current study used lower concentration of SBS (1.5% and 0.75%). Different 
strains of Listeria could also potentially affect the antimicrobial activity of SBS. Therefore, more 
mechanistic studies must be conducted using SBS to understand its antimicrobial effect on 
Listeria fully.   
Research has also demonstrated that the efficacy of nisin at reducing populations of 
Listeria in RTE meat (Leverentz, Bet et al. 2003).  Results from Uesugi et al. (2009) support the 
findings in the current study that the treatment of frankfurters with nisin results in an initial log 
reduction in L. monocytogenes levels, as they reported a 2.35 log reduction in RTE sausage. 
According to Naas et al. (2013), nisin along with modified packaging possessed synergistic 
qualities for controlling the growth of Listeria on RTE turkey bologna.  Ruiz et al. (2010) also 
observed a 4 log reduction in Listeria growth when nisin was applied on RTE turkey slices. 
Therefore, the authors of the current study investigated the potential synergistic effect between 
SBS and nisin for controlling populations of Listeria on artificially inoculated frankfurters.   
Synergistic interaction has been defined as a 2 log CFU/mL decrease between the 
combinations of both antimicrobials compared to their individual antimicrobial effect (Dong et 
al., 2016; Wei et al. 2016). The combination treatments showed a greater decrease of Listeria 
population than all other treatments. Though both solutions demonstrated antimicrobial activity, 
there was no detected synergism between the combination of SBS and nisin.  Furthermore, the 
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quantities of both antimicrobials when combined appeared to be capable of reducing Listeria 
without any change in the visual appearance of the frankfurter.    
5. Conclusions 
The results suggest that incorporating SBS and nisin as an antimicrobial dip on 
frankfurters during post production has the capability to reduce L. monocytogenes populations on 
artificially inoculated frankfurters. In the current study, there was a significant difference 
between all treatments as Listeria population reduced 2.0 to 2.5 log CFU/mL, with the 
combination of 1% SBS and 2% nisin demonstrated the greatest log CFU/ml reduction compared 
to the NT control.  Additionally, there were no synergistic effects demonstrated by combining 
SBS and nisin.  These findings from the study suggest SBS or nisin alone, or in combination are 
effective antimicrobial agents for controlling L. monocytogenes on frankfurters and could be 
considered for alternative use to current antimicrobials used in the food industry today. Further 
research is necessary to determine the full efficacy of various concentrations of SBS on 
frankfurters on diminishing the populations of other Listeria strains.  Furthermore, to elucidate 
the long-term effects of SBS, a shelf life study should be conducted to determine if SBS has the 
capability to not only reduce pathogens associated with RTE meats but to extend the shelf life of 
frankfurters.  As a result, these findings will help further understand the antimicrobial efficiency 
of SBS for controlling Listeria in RTE food products. 
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9. Appendix 
Table 1. One-way ANOVA Test 
Treatment1 
Log Reduction of 
L. monocytogene2 
 
SEM3,4 
TW 1.231 ± 0.279b 
0.5% Ni 1.987 ± 0.219a 
1% Ni 2.471 ± 0.054a 
2% Ni 2.423 ± 0.101a 
0.75% SBS 2.190 ± 0.132a 
1.5% SBS 2.287 ± 0.177a 
0.75% SBS + 0.5% Ni 2.002 ± 0.163a 
0.75% SBS + 1% Ni 2.137 ± 0.130a 
1.5% SBS + 1% Ni 2.612 ± 0.091a 
1.5% SBS + 2% Ni 2.645 ± 0.018a 
P<0.0001, RSq= 0.6 , N=40 and n=4 
1All treatments were administered by manually shaking frankfurter in 20ml of antimicrobial 
solution 
2 Reduction were calculated by subtracting the Log CFU/ml of treatment from the average Log 
CFU/mL of the No treatment (NT) frankfurters. 
3Standard error of the Mean for each treatment  
4Each letter annotates the significant difference between treatments.  
 
 
Table 2. Linear Effect two SBS concentrations, 0.75 and 1.5%, on reducing Listeria 
monocytogenes on frankfurters. 
Treatment1 
Log Reduction of 
L. monocytogene2 
 
SEM3,4 
TW 1.231 ± 0.279b 
0.75% SBS 2.190 ± 0.132a 
1.5% SBS 2.287 ± 0.177a 
P=0.0098, RSq= 0.84, N=12 and n=4 
1All treatments were administered by manually shaking frankfurter in 20ml of antimicrobial 
solution 
2 Reduction were calculated by subtracting the Log CFU/ml of treatment from the average Log 
CFU/mL of the No treatment (NT) frankfurters. 
3 Each letter annotates the significant difference between treatments.  
4 Standard error of the Mean for each treatment 
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Table 3. The linear effects of three Nisin concentrations, 0.5, 1 and 2%, on reducing Listeria 
monocytogenes on frankfurters.  Frankfurters were spot inoculated with L. monocytogenes EDGe 
Treatment1 
Log Reduction of 
L. monocytogene2 
 
SEM3,4 
TW 1.231 ± 0.279b 
0.5% Ni 1.987 ± 0.219a 
1% Ni 2.471 ± 0.054a 
2% Ni 2.423 ± 0.101a 
P < 0.0001, R2= 0.70 8, N=16 and n=4. 
1All treatments were administered by manually shaking frankfurter in 20ml of antimicrobial 
solution 
2 Reduction were calculated by subtracting the Log CFU/ml of treatment from the average Log 
CFU/mL of the No treatment (NT) frankfurters. 
3 Each letter annotates the significant difference between treatments.  
4 Standard error of the Mean for each treatment 
 
 
Table 4. Pairwise comparison of 1.5% SBS on reducing L. monocytogenes on frankfurters. 
Treatment1 
Log Reduction of 
L. monocytogene2 
 
SEM3,4 
TW 1.231 ± 0.279b 
0.5% Ni 1.987 ± 0.219a 
1% Ni 2.471 ± 0.054a 
2% Ni 2.423 ± 0.101a 
0.75% SBS 2.190 ± 0.132a 
0.75% SBS + 0.5% Ni 2.002 ± 0.163a 
0.75% SBS + 1% Ni 2.137 ± 0.130a 
P = 0.0009, R2= 0.63 , N=28 and n=4. 
1All treatments were administered by manually shaking frankfurter in 20ml of antimicrobial 
solution 
2 Reduction were calculated by subtracting the Log CFU/ml of treatment from the average Log 
CFU/mL of the No treatment (NT) frankfurters. 
3 Each letter annotates the significant difference between treatments.  
4 Standard error of the Mean for each treatment 
 
 
 
 
 
 
 
63 
Table 5. Pairwise comparison of 0.75% SBS on reducing L. monocytogenes on frankfurters.  
Treatment1 
Log Reduction of 
L. monocytogene2 
 
SEM3,4 
TW 1.231 ± 0.279b 
0.5% Ni 1.987 ± 0.219a 
1% Ni 2.471 ± 0.054a 
2% Ni 2.423 ± 0.101a 
1.5% SBS 2.287 ± 0.177a 
1.5% SBS + 1% Ni 2.612 ± 0.091a 
1.5% SBS + 2% Ni 2.645 ± 0.018a 
P < 0.0001, R2= 0.73, N=28 and n=4. 
1All treatments were administered by manually shaking frankfurter in 20ml of antimicrobial 
solution 
2 Reduction were calculated by subtracting the Log CFU/ml of treatment from the average Log 
CFU/mL of the No treatment (NT) frankfurters. 
3 Each letter annotates the significant difference between treatments.  
4 Standard error of the Mean for each treatment 
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Abstract 
 
The purpose of this study was to evaluate the bactericidal effect of potential 
antimicrobials and evaluate their preservation during a longitudinal study. Bisulfate of Soda 
(SBS), Sodium Lactate (SL) and their combination on L. monocytogenes in frankfurters. 
Antimicrobial treatments, SBS and SL concentrations, were indicated by performing a minimum 
inhibitory concentration (MIC) and minimum bactericidal concentration (MBC).  All data were 
analyzed as a Randomized Complete Block Design using JMP 14.0. All means were separated 
using Tukey’s Protected HSD with a significance level of P ≤ 0.05. Results of the MIC indicated 
the concentrations 0.39% and 0.78% SBS and 0.78 % and 1.56% SL. Frankfurters were 
inoculated with L. monocytogenes (initial population: 8.24 log CFU/g and treated with water, 
SBS (0.39% and 0.78%), SL (0.78 and 1.56%) and combinations (0.39% SBS+0.39% SL, 0.78% 
SBS+0.78% SL).  The antimicrobial solutions were also prepared with frankfurters content 
solution remaining in the packets at SBS (0.78%), SL (1.56%) and combination (0.78% SBS and 
0.78% SL).  After treatment, frankfurters were vacuum sealed and stored at 4°C until bacterial 
enumeration.  Frankfurters were sampled at Day 0,7,14 and 21. Data were analyzed using One-
Way ANOVA in JMP 14.0.  Differences were determined using Tukey’s protected HSD and 
considered significant when P ≤ 0.05.  After 21 days SBS 0.78% has the lowest recovery of L. 
monocytogenes population, compared to the no treatment (6.18 log CFU/g). Together, both 
antimicrobials are capable of reducing Listeria without diminishing the appearance of the 
frankfurter. The results suggest incorporating SBS and SL as an alternative antimicrobial for 
frankfurters can be effective for control L. monocytogenes. 
 
Running Title: Alternatives for controlling Listeria monocytogenes 
 
Keywords: Sodium Lactate, Bisulfate of Soda, Synergistic, Listeria monocytogenes, Frankfurters 
66 
1. Introduction. 
 
Ready-to-eat (RTE) meat products are fully cooked and prepared for consumption when 
purchased.  RTE meat products include beef and poultry products such as deli meats, 
frankfurters, canned meats (tuna, chicken, and spam), beef and another meat jerky (Seman et al., 
2018).  These products are generally consumed without additional preparation or cooking, 
increasing the risk for foodborne disease (Moye et al., 2018).  L. monocytogenes is the leading 
pathogen associated with RTE meat (Zhu et al. 2005).   
L. monocytogenes is a ubiquitous microorganism, able to withstand various stress 
environments and has emerged as a major foodborne pathogen.  The ingestion of L. 
monocytogenes causes listeriosis, a foodborne disease, that has been associated with frequent and 
highly publicized recalls of RTE meats contaminated.  This is partially because it can grow at 40 
°C to 0°C, which increases the chance consumers will ingest it (Ramaswamy et al. 2007). There 
is major concern surrounding listeriosis because of the severity of the disease.  Listeriosis is the 
third highest mortality rate among foodborne, accounting for 1600 cases of illness and 260 death 
yearly (CDC, 2016).   
In the United States, one of the deadliest listeriosis outbreak was caused by the 
consumption of post-processing contaminated cured meat products. This outbreak accounted for 
21 deaths and more than 100 illnesses in 14 states in 1998-1999 (CDC, 1999).  More recently, in 
2018, there were two outbreaks associated with RTE meat products (CDC, 2019).  The total 
cases of both outbreaks were 8 persons. Though a small number, one death was recorded 
bringing the mortality rate of 12.5% in 2018 for RTE meats.  With L. monocytogenes being 
present in RTE products and possessing the capability to survive in normal refrigeration 
temperatures, it is evident that additional action must be taken to ensure the safety of RTE meats.  
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Contamination of RTE meat products can occur during post production handling of the products. 
Post production operations such as peeling, sorting, loading, packaging and slicing during 
preparation of RTE products are potential sources of L. monocytogenes contamination. The 
United States Food and Drug (FDA) administration’s risk assessment models have estimated that 
RTE deli meats and non-reheated hot dogs have the highest risk of listeriosis per serving due to 
contamination through post lethality processes (FDA et al., 2010).  Furthermore, in the United 
States, about 1.6% of packaged frankfurters, 0.89% in RTE luncheon meats and 4.9% in cooked 
meat products are estimated to be contaminated with L. monocytogenes (Gombas et al., 2003; 
Wallace et al., 2003).  RTE meat products are in a form that is edible without additional 
preparation to achieve food safety, therefore the risk of L. monocytogenes contamination and 
consumption is of concern. 
A potential way RTE meat products can combat L. monocytogenes contamination is the 
use of novel antimicrobials.  When applied, antimicrobial compounds can be utilized after 
lethality steps, such as pasteurization and steaming, with the purpose of controlling and 
diminishing post-processing contamination (Koseki et al., 2007).  However, as technology and 
education improve, the use of synthetic antimicrobials and preservatives are retrogressing (Sirsat 
et al., 2009).  The consumer demand for organic and natural products have increased over the 
past years.  Previously accepted chemical and synthetic preservatives are no longer tolerated, 
because of health concerns of these toxic components (Sirsat et al., 2009).  Therefore, the use of 
novel antimicrobials is needed to prevent food products from denaturation and contamination. 
The use of antimicrobials has demonstrated the potential to control the growth of L. 
monocytogenes alone or when used in combination.  In our initial work, Bisulfate of soda (SBS) 
was able to reduce L. monocytogenes populations on frankfurters after dip treatment at day 0 
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storage. (Bodie et al., 2019).  Sodium lactate (SL) is a commonly used antimicrobial food 
additives, which is flavor enhancers in processed meat products (USDA-FSIS, 2000).  The 
effectiveness of this antimicrobial food additive has been established in controlling L. 
monocytogenes contamination in meat products (Skandamis et al., 2007).  Studies have shown a 
synergistic effect with SL and other antimicrobials (Mbandi and Shelef, 2001).  Therefore, we 
want to evaluate a potential synergistic effect between SBS and SL.  Thus, the purpose of the 
study was to evaluate the antimicrobial effect of an alternative antimicrobial SBS, and the SL 
used alone and in combination on the reduction of Listeria monocytogenes using commercial 
frankfurters as the model food matrix.  This study will also evaluate the shelf life of uncured 
frankfurters over 21 days.  
2. Materials and Methods 
2.1 Frankfurter Procurement and Listeria Screening 
Commercially available frankfurters (uncured, no-nitrate or nitrite-added, no 
preservatives, no by-products and two nitrite added controls) were obtained from commercial 
retail outlets and transported under refrigerated conditions to the University of Arkansas Center 
for Food Safety (Fayetteville, AR, USA) on three separate occasions (replications).  Selection of 
frankfurters was based on sell by dates indicated on the package.  Prior to the experiment, 
frankfurters from random packets were chosen and screened for the unintended presence of 
Listeria by rinsing in neutralizing buffered peptone water (nBPW; USDA, 2016) for 1 minute, 
plating on Oxford agar, and aerobically incubating for 24 hours at 37°C. 
2.2 Inocula Preparation 
Listeria monocytogenes strain EDG-e was used for this study because it is one of the 
more studied strains with its ecology, functionality, genetic and biochemical data available and 
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its genome is fully sequenced. L. moncytogenes EDG-e was grown on Oxford agar (Himedia 
Company, West Chester, Pennsylvania, USA) aerobically at 37°C for 24 hours.  After 
incubation, one colony was inoculated in 20 ml of Tryptic soy broth (TSB; Becton, Dickinson 
and Company, Sparks, Maryland, USA), followed by incubation at 37°C with constant shaking 
at 100 RPM for 24 hours.  The pure L. monocytogenes culture was then washed twice with 20 
mL of sterile 1 × Phosphate Buffered Saline (PBS; 8 g of NaCl, 0.2 g of KCl, 1.44 g of 
Na2HPO4, and 0.24 g of KH2PO4 per 1 L, with the pH adjusted to 7.4 with HCl) using 
centrifugation at 25,000 g’s for 5 minutes.  The final pellet was re-suspended in 20 mL of PBS 
and was utilized as the inoculum.  
2.3 Minimum Inhibitory Concentration (MIC) 
Listeria monocytogenes strain EDG-e was grown on Oxford agar at 37°C for 24 hours.  A 
96 well microplate was subsequently filled with 100 µL of TSB.  A single colony was selected 
and aseptically transferred into each well of 100 µL of TSB followed by growth overnight 
aerobically at 37°C for 24 hours.  
Antimicrobial treatments, SBS and SL, were used as an indicator for the MIC in the 
current study.  The antimicrobials were prepared in TSB, 20 mL of SBS at 25% and SL at 25% 
weight to volume.  Following, dilutions (1:2) were achieved by adding 100 µL of TSB to 
subsequent wells in a 96 well microplate.  Listeria was pin replicated into treatment plates using 
a 96 pin replicator.  Immediately following pin replication, the microplates were incubated for 24 
hours at 37°C in aerobic conditions.  After incubation, the microplates were observed for 
bacterial growth. There were six plates in total utilized in the study (3 total replication of both 
SBS and SL) 
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2.4 Minimum Bactericidal Concentration (MBC)  
 The observed MIC was subsequently plated on Oxford agar and incubated aerobically for 
24 hours at 37°C.  Following, 10 µL of the MIC solution and two wells above and below the 
MIC concentration were plated in triplicate and incubated under previously mentioned 
conditions.  MBC was defined as the concentration plated that demonstrated no growth after 24 
hours of incubation. 
2.5 Inoculation and Treatment Application 
Antimicrobial solutions were prepared with SBS [0.39%, and 0.78% (w/v)] (Jones 
Hamilton Company, USA), SL [0.78% and 1.56% (w/v)] (Alfa Aesar), and the combination 
[0.39% SBS + 0.39% SL, 0.78%SBS + 0.78% SL (w/v)].  Solutions were also made using the 
hotdog water (HDW) remaining in the package after frankfurters are removed.  Treatments made 
using HDW were (HDW+ 0.78% SBS, HDW+ 1.56% SL (w/v)] and the combination [HDW + 
0.78 SBS+ 0.78 SL].  The pH of each treatment is shown in table 1. In the current study, only 
confirmed Listeria-free frankfurters were used.  Commercial beef frankfurters were purchased 
and used throughout the study. There was one frankfurter per treatment, with four replications. 
Frankfurters were placed into sterile sample bags (VWR, Radnor, Pennsylvania, USA), where 
the inoculum was then administered.  The frankfurters were spot inoculated by dispersing 1 mL 
of the inoculation solution per frankfurter.  After frankfurters were inoculated, each group was 
stored at 4°C for an hour to allow for attachment.  
Following inoculation, frankfurters were submerged in their respective antimicrobial 
treatments.  Frankfurters were placed in sterile containers with 20 mL of antimicrobial solution. 
There was a sample size of 44 frankfurters, with 3 replications (132 frankfurters per sampling 
day/528 frankfurters total).  Each frankfurter was manually agitated for 1 minute and allowed to 
71 
rest for 2 minutes.  After frankfurters were aseptically removed from the container containing the 
respective antimicrobial treatments, frankfurters were vacuum sealed (VacPac Master 120) and 
placed in the refrigerator at 4°C until bacterial enumeration on day 0, 7, 14 and 21.  During 
bacterial enumeration frankfurters were stomached for 1 min in 100 mL of nBPW so that injured, 
viable bacteria and biofilm forming bacteria could be recovered, without the continued action of 
the antimicrobials (Mohammed et al., 2018; Bourassa et al., 2019).  The resulting rinsates were 
diluted 10-1 to 10-6 and spread plated on Oxford agar in duplicates.  Plates were inverted and 
aerobically incubated for 24 hours in 37°C. A detection limit of 25 to 250 colonies per plate was 
used. 
2.6 Statistical Analysis 
Each hotdog was randomly assigned to a treatment prior to the onset of the study. The 
CFU of Listeria was log transformed and reported on a CFU of bacteria per gram of hotdog basis 
(CFU/g).  The data were analyzed as a Random Complete Block Design using Proc GLM in JMP 
14.0 (SAS Institute Inc., Cary, NC, USA) to determine the effect of treatment, day or potential 
interaction between the two.  To further elucidate differences between treatments, data were 
analyzed using One-way ANOVA, separated by day, with trial designated as block.  All means 
were separated using Tukey’s Protected HSD with a significant level of P ≤ 0.05. 
3. Results 
The goal of performing the MIC in the current study was to determine the range of 
antimicrobial concentration that would inhibit visible growth of Listeria monocytogenes.  
Therefore, the concentration of antimicrobials used in the current experiment with frankfurters 
was based on the clarity of the observed microtiterplate wells.  The wells that were ruled clear 
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were plated on Oxford agar to obtain the MBC.  The MIC and MBC results indicated the use of 
concentrations 0.39 and 0.78% SBS, and 0.78 and 1.56% SL. 
Initially, Proc GLM was utilized to determine the effect of treatments (Table 2).   
All treatments were compared against each other. This analysis made it difficult to investigate 
treatment efficiency depending on the Day.  Further investigation was performed to separate 
means.   The effect of treatment was broken down day by day to elucidate the effect by 
treatments.  The first time point, Day 0, all experimental treatments reduced the population of L. 
monocytogenes on frankfurters compared to the no treatment control (8.24 log CFU/g, Figure 1).  
All other treatments were no different except for HDW + SBS 0.78%, which had the lowest L. 
monocytogenes population recovery of 5.31 log CFU/g. 
Similar results were seen with the L. monocytogenes counts at Day 7.  All treatments 
were significantly different from the control treatment. L. monocytogenes population on 
frankfurters with no treatment (8.77 log CFU/g, Figure 2).  The lowest L. monocytogenes 
population recovery was observed with treatment SL 1.56% (5.86 log CFU/g). Followed by the 
combination of SBS + SL 0.78% (5.95 log CFU/g). Both treatments were signifyingly different 
from all other treatments, however SL 1.56% was different from the combination of SBS + SL 
0.78%.  
During Day 14, all experimental treatments reduced the population of L. monocytogenes 
on frankfurters compared to the no treatment control (9.90 log CFU/g, Figure 3).  The mean 
reduction of the treatments 0.39 and 0.78% SBS ( 6.70 and 6.38 log CFU/g), 0.78 and 1.56% SL 
(6.69 and 6.50 CFU/mL), the combination 0.39 and 0.78% SBS + SL (6.53 and 6.30 log CFU/g) 
and HDW treatments SBS 0.78% (6.34 log CFU/g), SL 1.56% (6.59 log CFU/g) and 
combination at 0.78% (6.44 log CFU/g), are all significantly the same.  However, the greatest 
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numerical reduction of L. monocytogenes compared to the NT control was demonstrated in the 
combination of SBS + SL 0.78%.  
As shown in the previous time points, all experimental treatments were able to reduce 
initial population of L. monocytogenes on control frankfurters with no treatment (9.92 log 
CFU/g, Figure 4). SBS 0.78% has the least L. monocytogenes recovered, which means it has the 
most effect. Although there was L. monocytogenes growth in all treatments, treatments were able 
to control L. monocytogenes growth through 21 days.  
4. Discussion 
In the current study, potential antimicrobial treatments were evaluated for the ability to 
reduce and control post-processing L. monocytogenes contamination in frankfurters for 21 days.  
To do this, frankfurters were submerged into antimicrobial solutions.  Uncured frankfurters made 
with no additives were obtained from a local supermarket and artificially inoculated with L. 
monocytogenes.  Although there was potential for residual antimicrobials, the inoculation and 
use of controls minimized the influence these factors had on the results of the current study to be 
nominal.  
The purpose of this study was to evaluate the effect of potential alternative antimicrobials 
of SBS and SL on frankfurters for 21 days.  There were 10 treatments comprised of SBS and SL 
utilized alone or in various combinations.  Throughout the study, experimental treatments were 
able to reduce L. monocytogenes populations compared to the control group with no treatment.  
The treatment with the lowest recovery of L. monocytogenes population illustrates the 
antimicrobial with the highest efficiency. Throughout the study, depending on the day, the 
antimicrobial effect may alter the results shown. Day 0 HDW + SBS 0.78% had the lowest 
recovery, followed by Day 7 SL 1.56%, Day 14 with SBS+SL 0.78% and Day 21 had SBS 
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0.78% as its lowest recovery treatment. The various antimicrobial treatments used can all peak at 
different timepoints, causing the variation observed in most effective treatment per day. These 
results indicate that SBS and SL were effective in controlling Listeria growth in uncured 
frankfurter from Day 0 to Day 21 compared to the no treatment. However, the inhibitory effect 
was not seen with as the L. monocytogenes population still increased throughout the duration of 
this study. 
According to USDA and FSIS, frankfurters are safe for consumption only for 2 weeks 
with refrigeration storage (FSIS, 2010). In the current study, through Day 14 all treatments were 
able to reduce L. monocytogenes populations on frankfurters by at least 3.30 and 2.12 log CFU/g 
compared to no treatment and water treatment. These results show the potential of these 
alternative antimicrobials for a prolonged shelf life in refrigerated frankfurters.  
As education increase, the demand for healthier food products is increase. In recent years, 
because of the great consumer awareness and concern regarding synthetic chemical additives. 
This phenomenon has forced the food industry to provide more healthier ways to deliver food 
safety. Due to the growing concern surrounding the use of synthetic food additives in the US 
foods preserved with natural additives have become popular (Pressman et al., 2017). The 
addition of SBS, an inorganic acid salt could be a novel antimicrobial.  It is Generally 
Recognized as Safe (GRAS) (United States Department of Agriculture, 2018), therefore there is 
no food additive tolerance requirements needed to be placed on SBS, with its addition to the 
frankfurters. Unlike organic acids such as lactic and acetic acid, SBS gives off a slightly less 
salty taste, making it a more desirable additive to protect food quality (Kim et al. 2018). 
Furthermore, SBS has been declared as a safer alternative choice as an antimicrobial by the 
Environmental Protection Agency (EPA, 2018).  Currently, there are no regulations for SBS used 
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in RTE meat products.  There is limited literature on the application of SBS on RTE meat but, 
SBS has been reported to be able to reduce microorganisms in multiple environments.  
SL is a frequent food additive to meat and poultry products as a flavor enhancer. 
However, with a pH of 6.8 to 7.4, SL solution can act as a pH control agent.  This allows sodium 
lactate to act as an antimicrobial solution to L. monocytogenes (Oh et al., 2014).   Sodium lactate 
is also an attractive antimicrobial addition as it can be added 2 to 4% without altering the meat 
pH (Alvardo et al., 2007). In our study, when SL was used alone as a dip treatment at its highest 
concentration 1.56%, L. monocytogenes population increased 0.58 log CFU/g over 21 days 
(Figure 4). Lungu and Johnson, 2005 used sodium lactate as high as 6%, demonstrated a 2.8 log 
CFU/g increase in L. monocytogenes after 21 days (Lungu and Johnson, 2005).  Conversely, 
Glass et al. (2002) found that sodium lactate as part of bratwurst formulation helped to suppress 
Listeria growth 0.16 CFU/ per package after 30 days. It is suspected that the addition of SL into 
frankfurters formulation can provide an anti-listeriastatic effect. The results do demonstrate that 
SL can be an effective antimicrobial for its bacteriacidal effect on uncured frankfurters. 
In the meat industry, SL and sodium diacetate are commonly used antimicrobials to 
create synergistic effect to meat products (Sánchez-Ortega et al., 2014). Several studies have 
verified that the addition of SL and sodium diacetate combinations creating synergism to inhibit 
growth of L. monocytogenes in cured meat and poultry products (Glass et al, 2002). However, 
organic acid salts are less effective in uncured products (Glass et al., 2002; Legan et al., 2004). 
Therefore, the authors of the current study investigated the potential synergistic effect between 
SBS and SL for controlling populations of listeria on artificially inoculated frankfurters.  
Synergistic effect with the combination of two antimicrobials has been defined as a 2 log CFU/g 
compared to their individual antimicrobial effect (Dong et al., 2016; Wei et al. 2016). There were 
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numerical differences between the combination of SBS and SL versus the antimicrobial solutions 
separately. However, throughout the study, there was no synergistic effect shown at Day 0, 7, 14 
or 21. The use of SBS and SL in combination is able to reduce Listeria without any change in the 
visual appearance of the frankfurter. 
5. Conclusion 
In the current study, treatments at Day 0 to 21 suggest there was a significant difference 
between all treatments compared to the NT uncured frankfurters. The results do exhibit that 
incorporating SBS and SL as an antimicrobial dip on frankfurters during post production has the 
capability to reduce L. monocytogenes populations on artificially inoculated frankfurters. No 
synergistic effects were demonstrated combining SBS and SL. The results from the study suggest 
SBS or SL alone, or in combination are effective antimicrobial agents for controlling L. 
monocytogenes on frankfurters but it does not inhibit its growth. These findings suggest that SBS 
and SL be considered for alternative use to current antimicrobials used in the food industry today 
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Appendix 
Table 1. Shows the pH of the different treatments used throughout the study.  
Treatment pH 
SBS 0.39% 1.75 
SBS 0.78% 1.59 
SL 0.78% 6.83 
SL 1.56% 7.37 
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Table 2. Results of Proc GLM used to determine the effect of potential antimicrobial treatments. 
Day Treatment Mean   SEM 
0 Control 8.241 B ± 0.054 
  Water 7.02 CD ± 0.05 
  SBS 0.39% 6.122 FGHIJKLM ± 0.065 
  SBS 0.78% 5.697 KLMN ± 0.075 
  SL 0.78% 5.947 HIJKLMN ± 0.246 
  SL 1.56% 5.869 CD ± 0.032 
  SBS + SL 0.39% 5.895 IJKLMN ± 0.104 
  SBS + SL 0.78% 5.594 MN ± 0.169 
  HDW + SBS 0.78% 5.312    D ± 0.041 
  HDW + SL 1.56% 5.626 LMN ± 0.106 
  HDW + SBS 0.78% + SL 0.78% 5.748 KLMN ± 0.183 
7 Control 8.772  B ± 0.133 
  Water 7.546 C ± 0.036 
  SBS 0.39% 6.582 DEFGHI ± 0.044 
  SBS 0.78% 6.006 GHIJKLM ± 0.046 
  SL 0.78% 6.335 HIJKLMN ± 0.099 
  SL 1.56% 5.859 JKLMN ± 0.106 
  SBS + SL 0.39% 6.184 FGHIJKLM ± 0.122 
  SBS + SL 0.78% 5.952 HIJKLMN ± 0.123 
  HDW + SBS 0.78% 6.165 FGHIJKLM ± 0.02 
  HDW + SL 1.56% 6.517 DEFGHIJ ± 0.15 
  HDW + SBS 0.78% + SL 0.78% 6.574 DEFGHI ± 0.219 
14 Control 9.897 A ± 0.221 
  Water 8.812 B ± 0.089 
  SBS 0.39% 6.698 DEF ± 0.062 
  SBS 0.78% 6.382 DEFGHIJK ± 0.121 
  SL 0.78% 6.683 DEFG ± 0.136 
  SL 1.56% 6.497 DEFGHIJ ± 0.101 
  SBS + SL 0.39% 6.534 DEFGHIJ ± 0.056 
  SBS + SL 0.78% 6.299 EFGHIJKL ± 0.006 
  HDW + SBS 0.78% 6.336 DEFGHIJK ± 0.021 
  HDW + SL 1.56% 6.592 DEFGH ± 0.117 
  HDW + SBS 0.78% + SL 0.78% 6.441 DEFGHIJ ± 0.056 
21 Control 9.922 A ± 0.295 
  Water 8.722 B ± 0.091 
  SBS 0.39% 6.497 DEFGHIJ ± 0.051 
  SBS 0.78% 6.182 FGHIJKLM ± 0.053 
  SL 0.78% 6.94 CDE ± 0.265 
  SL 1.56% 6.438 DEFGHIJ ± 0.015 
  SBS + SL 0.39% 6.384 DEFGHIJK ± 0.078 
  SBS + SL 0.78% 6.303 EFGHIJKL ± 0.088 
  HDW + SBS 0.78% 6.277 EFGHIJKLM ± 0.025 
  HDW + SL 1.56% 6.651 DEFG ± 0.061 
  HDW + SBS 0.78% + SL 0.78% 6.448 DEFGHIJ ± 0.079 
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Figure 1. Day 0. L. monocytogenes population recovery after antimicrobial treatment and 
bacterial enumeration.  
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Figure 2. Day 7. L. monocytogenes population recovery after antimicrobial treatment and 
bacterial enumeration. 
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Figure 3. Day 14. L. monocytogenes population recovery after antimicrobial treatment and 
bacterial enumeration. 
  
85 
 
Figure 4. Day 21. L. monocytogenes population recovery after antimicrobial treatment and 
bacterial enumeration. 
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IV. Conclusion 
RTE meat products are the top food group associated with L. monocytogenes. This is 
because, this bacterium is psychrophilic, therefore it can grow at refrigerator temperatures. With 
health concerns increasing regarding synthetic materials in food products, the need to find 
alternative antimicrobials have increased. Studies have also shown, the increase in antimicrobial 
resistance regarding L. monocytogenes and RTE meat.  Therefore, new alternative antimicrobials 
are needed to provide food safety to RTE food products.   
This thesis was focused on the antimicrobial effect SBS on L. monocytogenes in 
frankfurters. In the first research study (Chapter 2), SBS and Nisin were used separately and 
together to determine the antimicrobial efficacy against L. monocytogenes in frankfurter. The 
results from this study shows that 0.75 and 1.5% SBS has a bacteriacidal effect on L. 
monocytogenes in frankfurter. However, there was no synergistic effect found with the addition 
of Nisin. The objective for our second research (Chapter 3), focuses on a shelf life study with 
uncured frankfurters. SBS at 0.39 and 0.78% concentrations were examined along with sodium 
lactate, which is a common meat additive for its antibacterial effect. The results from this study 
confirmed the bactericidal effect of SBS and SL. However, L. monocytogenes growth was not 
inhibited after Day 0. Future studies should be conducted to fully evaluate the antimicrobial 
efficiency of SBS in RTE meats.  
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Permission for thesis 
 
Frontiers in Sustainable Food Systems Editorial 
Office <sustainablefoodsystems.editorial.office@frontiersin.org> 
Thu, May 23, 
2019 at 10:45 
AM 
To: Aaron Bodie <arbodie@email.uark.edu> 
Dear Mr Bodie, 
 
Thank you for your email. 
 
I would like to confirm that under the Frontiers Terms and Conditions, authors retain the copyright to 
their work. All Frontiers articles are Open Access and distributed under the terms of the Creative 
Commons Attribution License (CC-BY), which permits the re-use, distribution and reproduction of 
material from published articles, provided the original authors and source are credited. 
 
Please keep in mind that if anything in the paper, such as a figure, was already under copyright 
restriction from any other third-party, then you would have to seek permission to reuse the item. 
 
I hope I have addressed your question. Please let me know if you have any other questions or 
concerns. 
 
Best wishes, 
Isobel 
 
-- 
Isobel Martin 
Review Operations Team Lead 
[Quoted text hidden] 
--  
Frontiers | Editorial Office - Collaborative Peer Review Team 
Review Operations Manager: Judyta Sorokowska-Yammin 
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March 26, 2018  
  
MEMORANDUM  
 
 
TO:        Dr. Steven Ricke  
FROM:       Bob Beitle, Acting Biosafety Committee Chair  
RE:        Protocol Renewal  
PROTOCOL #:      09004  
PROTOCOL TITLE:    Genomic response of Listeria monocytogenes to food processing  
environment and stresses  
APPROVED PROJECT PERIOD:  Start Date February 10, 2009  Expiration Date February 9, 2021  
  
The Institutional Biosafety Committee (IBC) has approved your request, dated January 23, 2018, to 
renew IBC # 09004, “Genomic response of Listeria monocytogenes to food processing environment and 
stresses”.   
The IBC appreciates your assistance and cooperation in complying with University and Federal guidelines 
for research involving hazardous biological materials.  
  
  
   1424 W. Martin Luther King, Jr. • Fayetteville, AR 72701   
Voice (479) 575-4572 • Fax (479) 575-6527  
  
The University of Arkansas is an equal opportunity/affirmative action institution 
    
Office of Research  and Compliance    
IBC Approval Letter: 09004 
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Please check the boxes for each of the forms that are applicable to the research project you 
are registering.  The General Information Form - FORM 1 (this form) MUST be completed on 
all submitted project registrations, regardless of the type of research. 
Recombinant DNA (EVEN IF IT IS EXEMPT from the NIH Guidelines.) (FORM 2)  
Pathogens (human/animal/plant) (FORM 3)  
Biotoxins (FORM 4)  
Human materials/nonhuman primate materials (FORM 5)  
Animals or animal tissues and any of the above categories; transgenic animals or tissues; wild 
vertebrates or tissues (FORM 6)
 
Plants, plant tissues, or seed and any of the above categories; transgenic plants, plant 
tissues, or seeds (FORM 7)
 
CDC regulated select agents (FORM 8)  
To initiate the review process, you must attach and send all completed registration forms via 
email to ibc@uark.edu.  All registration forms must be submitted electronically.  To complete 
the registration, print page 1 of this form, PI sign, date, and mail to:  Compliance Coordinator-
IBC, 210 Admin. Building, Fayetteville, AR 72701, or FAX it to 479-575-3846. 
 
As Principal Investigator: 
I attest that the information in the registration is accurate and complete and I will submit 
changes to the Institutional Biosafety Committee (IBC) in a timely manner.  
 
I am familiar with and agree to abide by the current, applicable guidelines and regulations 
governing my research, including, but not limited to:  the NIH Guidelines for Research 
Involving Recombinant DNA Molecules and the Biosafety in Microbiological and Biomedical 
Laboratories manual.
 
I agree to accept responsibility for training all laboratory and animal care personnel involved 
in this research on potential biohazards, relevant biosafety practices, techniques, and 
emergency procedures.
 
If applicable, I have carefully reviewed the NIH Guidelines and accept the responsibilities 
described therein for principal investigators (Section IV-B-7).  
I will submit a written report to the IBC and to the Office of Recombinant DNA Activities at NIH 
(if applicable) concerning:  any research related accident, exposure incident, or release of 
rDNA materials to the environment; problems implementing biological and physical 
containment procedures; or violations of NIH Guidelines. 
 
I agree that no work will be initiated prior to project approval by the IBC.
 
I will submit my annual progress report to the IBC in a timely fashion.
 
 
Principal Investigator Typed/Printed Name:  Dr. Steven C. Ricke 
 
Signature (PI): _______________________________________ Date: _____________________ 
 
CONTACT INFORMATION: 
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Principal Investigator: 
Name: Dr. Steven C. Ricke 
Department: Food Science 
Title: Professor 
Campus Address: E27 FDSC 
Telephone: 4795754678 
*After Hours Phone: 479-387-4433 
Fax: 479-575-6936 
E-Mail: sricke@uark.edu 
 
Co-Principal Investigator: 
Name: Peter Rubinelli 
Department: FDSC 
Title: Lab Manager 
Campus Address: BIOR 128 
Telephone: 575-5328 
*After Hours Phone: 479-236-0562 
Fax: 575-3941 
E-Mail: pmrubine@uark.edu 
 
*Required if research is at Biosafety Level 2 or higher 
 
PROJECT INFORMATION: 
 
Have you registered ANY project previously with the IBC?  Yes    
 
Is this a new project or a renewal? 
New Project Renewal
 
Project Title: Genomic response of Listeria monocytogenes to food processing 
environment and stresses 
Project Start Date: 4/1/2015 
Project End Date: 3/30/2019 
Granting Agency: Not applicable 
 
Indicate the containment conditions you propose to use (check all that apply): 
Biosafety Level 1
 Ref:    1      2 
Biosafety Level 1A
 Ref:    1      2 
Biosafety Level 1P
 Ref:    1      
2 
Biosafety Level 2
 Ref:    1      2 
Biosafety Level 2A
 Ref:    1      2 
Biosafety Level 2P
 Ref:    1      
2 
Biosafety Level 3
 Ref:     2 
Biosafety Level 3A
 Ref:     2 
Biosafety Level 3P
 Ref:     2 
 
References: 
 1:  Biosafety in Microbiological and Biomedical Laboratories (BMBL) 4th Edition 
91 
 2:  NIH Guidelines for Research Involving Recombinant DNA Molecules 
 3:  University of Arkansas Biological Safety Manual 
 
 
If you are working at Biosafety Level 2 or higher, has your laboratory received an onsite 
inspection by the Biosafety Officer or a member of the IBC? 
Yes No
 
If yes, enter date if known: 05/30/2013 
If no, schedule an inspection with the Biological Safety Officer. 
 
Please provide the following information on the research project (DO NOT attach or insert 
entire grant proposals unless it is a Research Support & Sponsored Programs proposal). 
 
Project Abstract: 
 
Listeria monocytogenes is able to survive in a variety of environments including low 
temperatures, nutrient deprivation, oxidative stress, osmotic stress, acid stress, antibiotic stress 
and still remain virulent. This makes L. monocytogenes a major concern for the food industry. 
This organism may go through numerous stresses during food processing and there is a need to 
determine pathogen load, infectious dose, and dose response curves for risk assessment. The 
goal of this project is to study the genome level expression changes in L. monocytogenes 
subjected to various processing and antimicrobial stressors, including (but not limited to) heat, 
low temperature, high pressure, acid and various antimicrobials. 
 
 
Specific Aims: 
 
Study the viability and gene expression differences of L. monocytogenes recovered from starvation.  
Effect of antimicrobial stressors on genome transcription. Genome level assessment and comparison of 
gene expression profiles of L. monocytogenes exposed to various processing stresses.  
 
Relevant Materials and Methods (this information should be specific to the research project 
being registered and should highlight any procedures that involve biohazardous or 
recombinant materials): 
 
See attached (Materials and methods) 
 
The information requested above can be entered directly or cut & pasted into the space 
provided, or can be provided as an attached word document.  If you provide an attachment, 
please indicate “See Attached” and list the file name(s) in the space below: 
 
Click here to enter text. 
 
PERSONNEL QUALIFICATIONS & FACILITY INFORMATION: 
List all personnel (including PI and Co-PI) to be involved in this project: 
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Name (First and Last) - Position 
(Title, academic degrees, 
certifications, and field of 
expertise) 
Qualifications/Training/Relevant Experience (Describe 
previous work or training with biohazardous and/or 
recombinant DNA; include Biosafety Levels ) 
Example:  Bob Biohazard - Associate 
Professor, PhD- Microbiology 
14 yrs working with E. coli at BL1, Salmonella enterica at BL2, 8 yrs 
working with transgenic mice. 
Steven C. Ricke, Professor, PhD 
Bacteriology/Animal Science 
20 years working with anaerobic bacteria and foodborne 
pathogens 
Sunae Kim, PhD, Microbiology, Post 
Doctoral Assoc 
6 years experience in BSL2 
Si Hong Park, PhD, Molecular 
Microbiology-Post Doc 
10 years experience with BSL2 pathogens  
Peter Rubinelli, PhD, Molecular 
Micro, Program Assoc 
20 years working with pathogens 
Laura Meyer, M.S., Program 
Technician 
1 year experience with BSL2 pathogens 
 Zhaohao Shi, Grad student 3 years working at BSL 2 
Thomas Flecker, grad student 1 year experience working with pathogens  
Aaron Bodie, grad student 2 year experience working with pathogens  
Andrew Micciche, grad student  2 year experience working with pathogens  
Julie Atchley, undergrad student 1 year experience working with pathogens  
Conner Sherman, undergrad 
student 
1 year experience working with pathogens  
  
 
Additional Personnel Information (if needed): 
 
Click here to enter text. 
 
List all the laboratories/facilities where research is to be conducted: 
 
Building: Room #: Category: *Signage Correct? 
BIOR 132 Laboratory Yes 
BIOR 102 Laboratory Yes 
BIOR 101 Autoclave/BioStorage Yes 
BIOR 117 Laboratory Yes 
  Choose an item. Choose an item. 
  Choose an item. Choose an item. 
  Choose an item. Choose an item. 
  Choose an item. Choose an item. 
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* Biohazard signs are required for entrances to Biosafety Level 2 (including Animal Biosafety 
Level 2) areas.  EH&S will supply these signs.  If an updated biohazard sign is required, please 
indicate the location and what agents/organisms/hazards should be listed on the sign:  
 
Click here to enter text. 
 
Additional Facility Information (if needed): 
 
Click here to enter text. 
 
 
SAFETY PROCEDURES: 
Please indicate which of the following personal protective equipment (PPE) will be used to 
minimize the exposure of laboratory personnel during all procedures that require handling or 
manipulation of registered biological materials. 
Gloves: 
Latex  Vinyl  
Nitrile  Leather  
Other  
Specify:  Click here to enter text. 
Face & Eye Protection: 
Face Shield  Safety Goggles  
Safety Glasses   
Other  
Specify:  Click here to enter text. 
Clothing Protection: 
Re-usable Lab Coat  Re-usable Coverall  
Disposable Clothing Protection   
Other  
Specify:  Click here to enter text. 
Dirty or contaminated protective clothing cleaning procedures:  (Check all that apply) 
Autoclaved prior to laundering or disposal  Laundered on site using bleach  
Laundered by qualified commercial service   
Other  
Specify:  Click here to enter text. 
 
 
Outline procedures for routine decontamination of work surfaces, instruments, equipment, 
glassware and liquid containing infectious materials.  Autoclaving or using fresh 10% bleach 
as a chemical disinfectant are preferred treatments; please specify and justify any exceptions: 
 
Work surfaces will be decontaminated with a freshly prepared 10% bleach solution before and after 
working. Exception is biosafety cabinets which will be disinfected before and after use with Lysol® No 
Rinse Sanitizer in order to avoid the corrosiveness of the bleach on the metal of the biosafety cabinets. 
Instruments and equipment will be decontaminated by wiping down with 10% bleach. Paper towels 
used for these purposes will be discarded in biohazard bags. Glassware, waste, and disposable tubes will 
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be autoclaved under standard conditions (15 psi, 121 C, 20 min). Disposable items (pipette tips, pipets, 
etc) will be discarded into 10% bleach. After 30 minutes it will be permissible to place these items in a 
biohazard bag for autoclaving before disposal. Used microarray slides will be placed in a glass disposal 
container. 
 
Describe waste disposal methods to be employed for all biological and recombinant 
materials.  Include methods for the following types of waste:  (ref: UofA BiosafetyManual ) 
Sharps: 
 
Placed into 10% bleach solution for decontamination followed by discarding into sharps waste 
container 
 
 
Cultures, Stocks and Disposable Labware: 
Placed into biohazard bags and autoclaved before disposal.  Liquids will be disposed of in drains 
after autoclaving. Disposable glass will be placed in glass disposal after autoclaving. 
 
 
Pathological Waste: 
 
Liquid biological waste will always be discarded into freshly made 10% bleach and then 
autoclaved for decontamination treatment before it is discarded.  Other biological waste will be 
placed carefully into biohazard waste bags, autoclaved at 15 psi, 121C for 20 min. 
 
 
Other: 
 
Click here to enter text. 
 
 
Autoclave(s), to be used in this project, location(s) and validation procedures: 
 
Biomass Res. Ctr.  Room 101 autoclaves are checked monthly using SteriGage test strips (3M) 
and SporAmpule vials to ensure autoclaves completely sterilize all bacterial life forms including 
spores. POSC autoclave checked monthly with SteriGage test strips. 
 
 
 
Will biological safety cabinet(s) be used? 
  Yes 
 
 
If yes, please provide the following information: 
 
Make/Model Serial Number Certification 
Expiration 
Location 
(bldg/room) 
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Biosafety Cabinet 
Level II FormaScientific 
Model 1126 
12118-128 11-17 BIOR Room 132 
Biosafety Cabinet 
Level II Forma 
Scientific 
Model 1284 
21160-1813 2-18 BIOR Room 132 
Labconco Logic + 170238664B 6-18 BIOR Room 132 
Biosafety Cabinet 
Level II FormaScientific 
Model 1126 
12118-128 11-17 BIOR Room 132 
Biosafety Cabinet 
Level II Forma 
Scientific 
Model 1284 
21160-1813 2-18 BIOR Room 132 
 
Additional Biological Safety Cabinet Information (if needed): 
Click here to enter text. 
 
Indicate if any of the following aerosol-producing procedures will occur:  (check all that apply) 
Centrifuging
 
Grinding
 
Blending
 
Vigorous Shaking or Mixing
 
Sonic Disruption
 
Pipetting
 
Dissection
 
Innoculating Animals Intranasally
 
Stomacher
 
 
Other
 
Describe:  Click here to enter text. 
 
Describe the procedures/equipment that will be used to prevent personnel exposure during 
aerosol-producing procedures: 
 
No eating, drinking, smoking or chewing gum is allowed in any laboratory. All pipetting of 
infectious material will take place in the biological safety cabinet. Mechanical pipetting devices 
will be used. Lab coats buttoned over street clothes, gloves and goggles will be worn. All 
needed materials will be placed in the biological safety cabinet before work begins. Sash of the 
cabinet will be lowered and all movements will be slow to avoid disruption of the air currents. 
Centrifuged cultures will be contained in a closed Eppendorf tube or contained in screw-capped 
polypropylene or polystyrene tubes with gasket seals to prevent aerosol exposure.  Cultures to 
be vortexed will be contained in screw-capped polypropylene or polystyrene tubes, and 
vortexing will be done within the biological safety cabinets.  Sonicating will be done within the 
biosafety cabinet or within an enclosure on the bench top. 
 
EMERGENCY PROCEDURES: 
 
In the event of personnel exposure (e.g. mucous membrane exposure or parenteral 
inoculation), describe what steps will be taken including treatment, notification of proper 
supervisory and administrative officials, and medical follow up evaluation or treatment: 
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In the event of accidental exposure of personnel the person exposed should notify the 
laboratory supervisor immediately. Treatable exposures will be treated by use of the first aid kit 
containing antimicrobial agents. Mucous membrane exposure or puncture with contaminated 
material will result in the person being taken to the Health Center for evaluation. 
 
In the event of environmental contamination, describe what steps will be taken including a 
spill response plan incorporating necessary personal protective equipment (PPE) and 
decontamination procedures. 
 
For a spill inside the biological safety cabinet, alert nearby people and inform laboratory 
supervisor. Safety goggles, lab coat buttoned over street clothes and latex gloves should be 
worn during clean up. If there are any sharps they will be picked up with tongs, and the spill 
covered with paper towels. Carefully pour disinfectant (freshly made 10% bleach) around the 
edges of the spill, then into the spill without splashing. Let sit for 20 minutes. Use more paper 
towels to wipe up the spill working inward from the edge. Clean the area with fresh paper 
towels soaked in disinfectant. Place all contaminated towels in a biohazard bag for autoclaving. 
Remove personal protective clothing and wash hands thoroughly.                                                 
For a spill in the centrifuge turn off motor, allow the machine to be at rest for 30 minutes 
before opening. If breakage is discovered after the machine has stopped, re close the lid 
immediately and allow the unit to be at rest for 30 minutes. Unplug centrifuge before initiating 
clean up. Wear strong, thick rubber gloves and other personal protective equipment (PPE) 
before proceeding with clean up. Flood centrifuge bowl with disinfectant. Place paper towels 
soaked in a disinfectant over the entire spill area. Allow 20 minute contact time. Use forceps to 
remove broken tubes and fragments. Place them in a sharps container for autoclaving and 
disposal as infectious waste. Remove buckets, trunnions and rotor and place in disinfectant for 
24 hours or autoclave. Unbroken, capped tubes may be placed in disinfectant and recovered 
after 20 minute contact time or autoclaved. Use mechanical means to remove remaining 
disinfectant soaked materials from centrifuge bowl and discard as infectious waste. Place paper 
towels soaked in a disinfectant in the centrifuge bowl and allow it to soak overnight, wipe down 
again with disinfectant, wash with water and dry. Discard disinfectant soaked materials as 
infectious waste. Remove protective clothing used during cleanup and place in a biohazard bag 
for autoclaving. Wash hands whenever gloves are removed.                                                                 
For a spill outside the biological safety cabinet or centrifuge have all laboratory personnel 
evacuate. Close the doors and use clean up procedures as above. 
 
TRANSPORTATION/SHIPMENT OF BIOLOGICAL MATERIALS: 
 
Transportation of Biological Materials: The Department of Transportation regulates some 
biological materials as hazardous materials; see 49 CFR Parts 171 - 173. Transporting any of 
these regulated materials requires special training for all personnel who will be involved in the 
shipping process (packaging, labeling, loading, transporting or preparing/signing shipping 
documents). 
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Will you be involved in transporting or shipping human or animal pathogens off campus?  
No 
If yes, complete the remaining: 
 
Cultures of Human or Animal Pathogens  
Environmenatl samples known or suspected to contain a human or anumal pathogen  
Human or animal material (including excreta, secreta, blood and its components, tissue, tissue 
fluids, or cell lines) containing or suspected of containing a human or animal pathogen.
 
 
Transportation/Shipment Training: Have any project personnel who will be involved in 
packaging, labeling, completing, or signing shipping documents received formal training to ship 
infectious substances or diagnostic specimens within the past 3 years? 
Choose an item. 
If yes, please provide the following information: 
.  
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Master’s degree of Science in Food Science 
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Advisor: Dr. Steven Ricke 
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Undergraduate Research Assistant / Research Technician January 2014- December 
2016 Supervisor: Dr. Steven Ricke 
University of Arkansas 
Position duties included projects and help with general lab management and upkeep. 
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Supervisor: Ms. Leah Saffian  
Washington County Environmental Affairs 
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SKILLS AND TECHNIQUES MASTERED 
• Skilled in standard molecular biology techniques: DNA extractions, RNA extractions, 
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Generation Sequencing, Agrose Gel Electrophoresis, PCR, qPCR 
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